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PREFACE 


Prenatal growth is a subject of unusual interest in various respects. 
Its practical importance in relation to the medical sciences, especially 
to obstetrics and pediatrics, is obvious. It has even greater signifi- 
cance in relation to the broader science of biology, including em- 
bryology and physical anthropology. 

Growth, like other complicated vital phenomena, can be studied 
most profitably by the genetic method. We must go back to the 
earlier stages in order to interpret the later. It is furthermore ap- 
parent that the simpler descriptive methods hitherto chiefly employed 
are insufficient for more than a rather superficial study of the funda- 
mental problems of growth. It becomes increasingly evident that 
research in embryology, as in other natural sciences, requires more 
extensive use of quantitative methods. The present work represents 
a fruitful application of these biometric methods in the field of human 
developmental anatomy. 

The most important result of this work is the establishment of a 
new principle, that in general the linear growth of the various parts 
of the body is in uniform ratio during the fetal period. This seems 
at first glance to contradict the well-known fact that the proportions 
of the various regions change during this period, the lower limbs 
becoming relatively larger and the head relatively smaller. But the 
present study demonstrates clearly that these changes in proportion 
arise, in spite of the constant fetal growth ratios, through inequalities 
already established in the earlier embryonic period. The newly recog- 
nized law of uniform fetal growth ratios is shown to be in complete 
harmony with the previously known ‘law of developmental direc- 
tion.” 

Other features of importance include the tabulation of extensive 
data and the determination of exact formulae for the fetal body- 
length according to age, and for seventy different external dimen- 
sions in relation to body-length. The reliability of the measurements 
was tested both experimentally and statistically. Special studies 
were made to show also the effects of birth moulding and the arti- 
facts produced by formalin preservation. It is found that the normal 
course of growth cannot be precisely determined until these common 
sources of error are eliminated. The wealth of original data and the 
critical discussion make this an indispensable work of reference to 
all who are concerned with the problems of growth. 

C. M. Jackson 

University of Minnesota 

Minneapolis, April, 1929 
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BATE. 
THE GENERAL PLAN OF THE INVESTIGATION 


I. Introduction 


The prenatal portion of the life cycle of the human body may be 
roughly divided into three main epochs or periods: the period of the 
ovum, the period of the embryo, and the period of the fetus. The 
period of the ovum includes approximately the first two weeks of 
prenatal life. During this time the fundaments of the fetal membranes 
are established and the differentiation of the embryo begins upon the 
germinal disk. The period of the embryo follows that of the ovum 
and terminates in the third lunar or fetal month. This is a phase of 
both rapid growth and differentiation, during which all of the chief 
systems and organs of the body are laid down, and the major features 
of the external body-form are established. The third or fetal period 
of prenatal life extends from the third lunar month to birth. The 
fetal period is an interval of rapid absolute increment rather than of 
striking differentiation, and the changes in external body-form take 
place quite slowly through slight differences in the relative growth 
rates of the various segments and parts of the body. 

The changes in body-form and structure in the embryonic period 
are so rapid and striking that many of their characteristics may be 
presented by qualitative description and pictorial representation, 
such as are found in the classic atlases of His (’80—’85), Hochstetter 
(07), and Rabl (’02), in the Normal Plates of Keibel and Elze (08), 
and in numerous published accounts of individual specimens. 

The changes in the fetal period, on the other hand, are relatively 
slow and continuous and can only be determined accurately by the 
use of the quantitative method. The application of the quantitative 
method to this material involves not only the collection of large 
series of numerical data but also their adequate analysis. Simple 
numerical tabulation and graphic representation of data may lead to 
many valuable general conclusions regarding them. But in this, as 
in all other phases of quantitative study of biologic phenomena, the 
full extent and significance of one’s conclusions and the proper tests of 
their validity can be obtained only by statistical and analytic methods. 

Although the application of simple quantitative methods to the 
investigation of prenatal human growth began many years ago, these 
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studies form but a very small fraction of the contributions to this 
subject. Consequently our knowledge of growth and differentiation 
in the fetal period, which from its nature must be investigated with 
quantitative methods, remains very incomplete. 

The present publication is a report on a part of a systematic 
quantitative study of the growth and structure of the body during 
the fetal period. It consists of an account of the changes in the 
dimensions and external proportions of the body as determined from 
a large number of original observations and from a colligation of all 
available published data of other investigators. These data have been 
treated analytically, studied for the effects of various important 
artifacts upon them, and are presented in condensed tabular, graphic, 
and analytic forms. As a whole, the investigation has been directed 
to the study of the trends of central tendency of the various dimen- 
sions, although certain observations regarding their variability are 
included. 

Two phases of the work, the detailed consideration of individual 
differences and the application of some of the methods of the calculus 
to the material, are not considered in detail in this report. Studies 
in these fields are under way in this laboratory and will form the 
subjects of later publications. 


II. Material and Methods 
1. Amount, Source, and Racial Character of Material 


The data upon which the present study is based consist of some 
35,000 determinations of 71 external dimensions of the body. These 
measurements were made on a series of upwards of 400 selected 
human fetuses ranging from 2.3 to 54.4 em in total or crown-heel 
length, which form a part of the collections of the Department of 
Anatomy and the Department of Obstetrics and Gynecology of the 
University of Minnesota. 

The series of cases studied was selected from a much larger group 
by discarding all soft or distorted specimens. We think that prac- 
tically all of our specimens would fall in classes ‘‘A”’ and “B” of 
Streeter’s (20) classification of fetal material and that by far the 
larger majority belong in class ‘‘A.”’ 

Our original measurements were made in 1919, 1920, and 1921. But 
a considerable amount of additional data was collected later in the 
course of a series of special studies on technical methods of treating 
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the material, the nature of the artifactual errors affecting it, and 
similar subjects. In the present monograph the data obtained in these 
later studies have been added to the original collection. This pro- 
cedure has required certain changes in the composition of the later 
tables and figures of this publication. 

Our determinations may be divided into two major groups. The 
first and larger was made on fetuses preserved in 10 per cent formalin 
solution. The majority of specimens of 35 em or more crown-heel 
length were also injected through the umbilical vein with a consider- 
able amount of 10 per cent formalin alone or with the addition of 
1 per cent chromic acid at the time of their preservation. All of the 
specimens of this series had been in the preservative for at least six 
months before they were measured and a number had been preserved 
for several years. 

The second series consisted of 36 specimens that were used in an 
experimental study of the effects of injection and preservation on 
the external dimensions of the fetal body. These specimens were first 
measured when fresh and then at various intervals during their 
preservation. The last set of measurements made on this material, 
six months after preservation, was added to those of the first series. 

A third set of measurements made on a series of 33 living, newborn 
children, to check the effect of birth moulding, is also described in a 
later part of this paper, but these data, being from living children, 
are not included in our final tabulations. 

Only Caucasian material was used in this study. So few of the 
specimens were accompanied by clinical histories that it is impossible 
to give the racial stocks represented within this category. However, 
most of the material came from the Minneapolis General Hospital, 
the Elliott Memorial Hospital of the University of Minnesota, and 
similar local institutions. Table 1 is a summary of the racial elements 
found in a group of 1,013 unselected newborn children from one of 
these hospitals and probably gives a fair idea of the racial make-up of 
our material. It indicates a great diversity in racial stocks with a 
preponderance of northern European peoples. 

Some idea of the general character of our material may also be 
obtained by comparing the physical development of the children born 
in the larger Minneapolis hospitals, which were the sources of the 
greater part of our cases, with that of newborn infants of other parts 
of the United States. A rough estimate of this kind can be made by 
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TABLE 1 


NATIONALITY OF PARENTS OF 1,013 CHILDREN BorN IN THE Eviiotr MEMORIAL 
Hospitau, UNIvEeRsITY oF MINNESOTA, 


1913-1920 
NATIONALITY NUMBER Ee CEN OE 
TOTAL NUMBER 
AMER MC ONOR © Motee 4, Sere We Rene ce, =. 238 23.49 
SWC GIs i erie tree moos cen Ae tere an 167 16.49 
INO EWECIS DU Me sect ot wetiels ina the 163 16.09 
JE WIG Drees Sak! Lie it et oo ae 152 Polo. OC 
(ERARCARI DN, 2 0 prsr eR ee ah eee 94 9.28 
PUI CI en ee ered era hake 4] 4.05 
ricer ae Pee i eee 36 3.55 
Biren eae coke sate Be hs sie 27 2.67 
LVARANG)AY |, ses Mee ae ee ee, 22 PSA WE 
Newer lity 2 Ais Cee ee a aie ae an 14 1.38 
IRSA LOIS gle ye aan ee 14 1.35 
CC CIMPE Rane sore et os Lil 1.09 
AUIS ELI EUR eerie Sr eee iil 1.09 
COLO IMs Meet eet Na ite 8 Wa aS 5s 0.49 
OUnIan Anemone Ate oth as D 0.49 
PC OUMCES Tapeh voc Ri tte oe bean he See. 13 1.28 


* Mainly Russian. T Less than 5 of any single nationality. 


the examination of the average birth-weights in Minneapolis and 
those of other larger American cities. Table 2A gives the published 
figures on the average weight of the Minneapolis newborn infants 
and table 2B gives similar figures for five other American cities. 


TAB TH 2 
A. Weigut or NEwBORN CHILDREN IN MINNEAPOLIS 


AVERAGE WEIGHT 
OBSERVER NuMEEK on 
CASES Males Females 
(kg) (kg) 
Ramsey and Alley (’18) 300 3.39 3.28 — 
Taylor (19) 250 3.48* deco” 
Scammon and Doyle (’20) 323 Seop | Be 2ot 
Adair and Scammon (’21) 100 3.38 3.37 
Brinton (’22) 1931 3.38 Suoe 
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B. WericHt oF NEWBORN CHILDREN IN OTHER LARGE AMERICAN CITIES 


AVERAGE WEIGHT 
NUMBER OF 
BO CATION eee CASES Males Females 
(kg) (kg) 
Boston Townsend (’96) 1000 onda 3.32 
New York Holt (’99) 1000 3.40 3.26 
New York Montague and 
Hollingworth (14) 2000 3.36 3.22 
Philadelphia Stockton-Hough (’85) 579 3.00 3.15 
Baltimore Meyer (’14) 2059 3.391 3.24 
San Francisco | Faber (’20) 644 3.49 3.30 


* Selected cases. 


} Mainly firstborn. 


t Whites and negroes. 


These figures indicate that there is comparatively little difference in 
the development of the newborn in the larger centers of population 
in this country, and that infants from this city approach very closely 
the average for the urban population of the country at large. 

The character of the material and the diversity of the dimensions 
taken made it impossible to determine all dimensions for all speci- 


TABLE 3 
DISTRIBUTION OF MEASUREMENTS MapbeE IN HaAcH 5 CM 


INTERVAL OF CROWN-HEEL Bopy-LENGTH 


NUMBER OF CASES 
CROWN-HEEL 
BODY-LENGTH 
(em) Maximum Minimum 
OFtan.o 18 0) 
5 to 10 30 1 
10 to 15 45 27 
15 to 20 28 Ey 
20 to 25 52 22, 
25 to 30 46 20 
30 to 35 36 24 
35 to 40 36 17 
40 to 45 29 a, 
45 to 50 24 17 
50 to 55 Qe 15 
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FIGURE 1 
THE ANTERIOR AND LaTERAL ASPECTS OF A FETUS OF 25 cm Crown-HEEL 
Lenern SHowine THe Externat Boprty Drwensions 
MEASURED IN Tus Stupy 


S va 


Cae 


Linear dimensions and diameters indicated in solid line. 
ferences indicated in broken line. 


1. Sitting-height (crown-rump length) 
2. Spine length 


Circum- 


3. Distance from crown to umbilicus 
4. Distance from crown to sternal notch 
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. Occipito-frontal (horizontal head) cir- 


cumference 


. Occipito-frontal diameter 

. Suboccipito-bregmatic circumference 

. Suboccipito-bregmatic diameter 

. Suboccipito-frontal circumference 

. Suboccipito-frontal diameter 

. Occipito-mental circumference 

. Occipito-mental diameter 

. Large (menton-lambda) circumference 

. Bi-parietal diameter 

. Auriculo-vertex-auricular circumference 
. Vertical-auriculo-vertex distance 

. Suboccipito-vertex-nasion circumference 
. Menton-bregma diameter 

. Bi-malar distance or diameter 

. Bi-auricular diameter 

. Auriculo-vertex diameter 

. Nasion-menton distance 

. Vertical head height (crown-menton dis- 


tance) 


. Orbito-auricular distance 

. Orbito-auriculo-suboccipital diameter 

. Circumference of neck 

. Bi-acromial diameter 

. Nipple to nipple (bi-mammary) distance 
. Bi-deltoid circumference 

. Bi-deltoid diameter 

. Circumference of thorax at nipples 

. Transverse diameter of thorax at nipples 
. Antero-posterior diameter of thorax at 


nipples 


. Circumference of thorax at xiphi-sternal 


junction 


. Transverse diameter of thorax at xiphi- 


sternal junction 


. Antero-posterior diameter of thorax at 


xiphi-sternal junction 


. Circumference of abdomen at tenth rib 
. Transverse diameter of abdomen at 


tenth rib 


39. 


40. 
41. 


Antero-posterior diameter of abdomen at 
tenth rib 

Circumference of abdomen at umbilicus 
Transverse diameter of abdomen at um- 
bilicus 


. Antero-posterior diameter of abdomen 


at umbilicus 


. Distance from sternal notch to pubis 
. Distance from sternal notch to umbilicus 
45. 


Distance from sternal notch to xiphi- 
sternal junction 


. Distance from xiphi-sternal junction to 


pubis 


. Distance from xiphi-sternal junction to 


umbilicus 


. Distance from umbilicus to pubis 
. Height of pelvis (crest of 


ilium to 
rump) 


. Interspinous diameter of pelvis 

. Intercristal diameter of pelvis 

. Intertrochanteric diameter of pelvis 

. External conjugate diameter of pelvis 
. Bi-tuberous distance of pelvis 

. Length of upper extremity 

. Length of arm 

. Length of forearm 

. Length of hand 

. Length of middle finger 

. Circumference of arm 

. Circumference of forearm 

. Circumference of wrist 

. Length of lower extremity (trochanter to 


sole) 


. Length of thigh (posterior superior spine 


of ilium to knee) 


. Length of thigh (trochanter to knee) 
. Length of leg 

. Height of foot 

. Length of foot 

. Circumference of thigh 

. Circumference of calf 


mens. This holds true particularly for measurements of very small 
segments of the body, which cannot be made with accuracy in the 
early part of the fetal period. Consequently both the number and 
the distribution of the determinations vary with the different 


dimensions. 


The maximum and minimum number of measurements 


made in each 5 cm interval of crown-heel body-length are given in 
table 3. 
In the great majority of instances the number of specimens ap- 
proaches more closely the maximum given above than it does the 
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minimum. The total number of observations for a given measurement 
varies from 207 for the bi-tuberous diameter of the pelvis to 369 for 
the bi-parietal and the occipito-frontal diameters of the head. The 
average number of observations per dimension is approximately 300. 


2. Methods of Collecting Data 


A list of the 71 dimensions measured will be found in tables 163, 
164, and 165, and figure 1 shows them in graphic form. A detailed 
statement of the methods employed in determining each dimension 
is included in the summary of findings. In general we have followed, 
for the standard anthropologic dimensions, the directions laid down 
by Hrdli¢ka (’20) in his monograph on this subject. For the obstetric 
dimensions included in our list we have followed for the most part 
the accepted definitions given in standard texts on obstetrics. 

Of the 71 dimensions studied, 22 were of the head and neck; 28 
were of the trunk, including the pelvis; and 16 were of the extremities. 
The remaining 5 were measurements involving more than one major 
part of the body such as the crown-rump length and the total spine 
length. Eighteen were circumferences; the remainder were straight 
line dimensions, generally between two bony points. 

All of the straight line measurements were made with standard 
anthropometric instruments. Sliding, vernier, steel calipers, reading 
to 1 mm on the major and 0.1 mm on the minor scale, were used for 
most of the dimensions, although a brass-bound meter-stick was 
employed for some of the larger ones. A right-angled plate was used 
in connection with the latter instrument to insure accurate readings. 
No material compression of the tissues was employed in taking these 
measurements. 

The larger circumferences were determined with a steel tape 
marked in millimeters and readable to 0.5 millimeters. The smaller 
ones were determined with a fine, but inelastic, linen thread. The 
thread was wrapped snugly three times around the part at the desired 
level and the overlapping ends cut with a pair of sharp cataract 
scissors. The length of the thread was then measured with the tape 
and the value obtained divided by three to get the circumference. 
A considerable amount of the experimental error involved in the 
determination of small circumferences is eliminated by this technique. 
A very slight uniform pressure was used in taking all circumferences 
for the purpose of removing any slack in the measuring tape and 
at the same time avoiding any compression of the part. 
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All of the specimens were removed from the preserving fluid a few 
minutes before the actual measurements were taken in order to allow 
the superfluous moisture to evaporate from the external surface of 
the body, but no specimens were allowed to dry out before they were 
measured. 

Most of the measurements were made by one observer (Calkins), 
although the majority of those of the extremities were made by 
Dr. Raymond Dittrich under our immediate supervision. 


3. Selection of a Standard Dimension for the Comparison of Measurements 


Practically all investigations of the growth of the human fetus rest 
pon determination of the changes in some form of measurement of 
the length of the body. Earlier investigators employed a number 
of dimensions as criteria of linear growth, but only two of these have 
been extensively used. These are the crown-heel length (total body- 
length, standing-height, vertex-heel length, mesencephalocaleanean 
line, Kopf-Fuss Lange, ‘“‘stature’’), and crown-rump length (sitting- 
height, vertex-breech length, stem-length, Kopf-Steiss Linge). 

A number of arguments have been adduced in favor of the use of 
each of these dimensions as a standard. In general these may be placed 
under four headings, viz., applicability to the prenatal period, general 
use and previous acceptance, theoretical value, and reliability. Each 
of these will be considered separately. 

One of the strongest arguments offered for the general use of the 
crown-rump standard in the prenatal life is that it may be applied 
to both fetuses and embryos and thus is of great value in following 
linear growth throughout the prenatal period. As is well known, the 
crown-heel length of the body cannot be determined, and, in fact, 
hardly exists in specimens under 2.5 cm, and for specimens below 
this dimension we depend on the crown-rump length. 

This advantage is not as great as may appear at first sight, for it 
does not mean that crown-rump length can be used as a true ex- 
pression of linear growth of all specimens below the point of establish- 
ment of a definite crown-heel length. 

In the fetal period the body, when placed in the erect posture, has 
a fairly straight longitudinal axis passing through the vertex of the 
head and along the spinal column, and this axis may be projected to 
the level of the ischia or to the soles of the feet. In the former case 
this axis is approximated by the crown-rump length, and in the latter 
by the crown-heel length. In the embryo, however, the axis of the 
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body is profoundly influenced by the growth and is thrown first into 
a series of parabolic curves, then into spirals (possibly of a logarithmic 
type), and finally is gradually extended to the fairly straight posture 
of the fetus.* Consequently, in these smaller specimens the crown- 
rump length does not measure a line approximating the body axis, 
but summates chords, at one time of a series of deep arcs, later of a 
series of spirals, and still later of a series of shallow ares. Since we 
have practically no data on the relations that these chords bear to 
the curves and spirals that they subtend, we are quite unable to 
estimate the length of the body from them. In fact about all that 
may be safely stated regarding them is that they do not represent true 
measures of linear growth, and that they are constantly changing. 

These criticisms of the determination of crown-rump length in the 
embryonic period do not mean that there is no value in this measure- 
ment. On the contrary, measurements of this kind may be of great 
value in estimating the stages of development of specimens. But it 
does mean that these data should not be used as criteria of linear 
growth, and in particular they should not be used in conjunction with 
curves representing linear growth in the later period of fetal life. 

The wide acceptance in the past of the crown-heel length is no 
proof of its reliability, but it is a strong argument for its retention 
in order that the older data may be correlated with the new. We 
estimate that fully 90 per cent of the tens of thousands of printed 
observations of the various dimensions of the body, its weight and 
volume, and of the weights and dimensions of its various parts in 
the fetal period, are recorded with respect to the crown-heel length 
and without reference to the crown-rump length. These data are 
far too valuable to be discarded en masse, and many of them are quite 
irreplaceable. Furthermore, the great majority of the published 
records on postnatal growth of the human body are also referred to 
crown-heel length, and the correlation of these with data on fetal 
growth is largely dependent on the use of this measurement. t 


* Many of these changes in the longitudinal axis of the body are illustrated 
in Bujard’s (’14) interesting monograph on the mechanism of the development of 
body-form in the early human embryo. Figure 44 of Bardeen’s study on the de- 
velopment of the spinal column is particularly instructive as regards the changes 
in the latter part of the embryonic period. 

+ It is sometimes stated that Mall, who was much interested in the technique 
of body measurement in prenatal life, was of the opinion that the crown-rump 
measurement was the better one. Problems of this kind are to be answered by 
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An argument often advanced for the sole use of the crown-rump 
measure is the theoretical one that it is a real index of linear body 
growth, whereas the crown-heel length involves another type of 
growth through the inclusion of the lower extremities. This argument 
rests on the assumption that the growth of the stem of the body is of 
a single type, which, in fact, is far from true. 

It should be recognized at the outset that, in determining the linear 
growth of the body, a complex measure is being used, regardless of 
the dimension that is employed as a standard. In the case of the 
crown-rump length this measure includes a vertical diameter of the 
head, the length in part of the spine, the length of a portion of the 
innominate bone, and the thickness of the soft tissues of the ischial 
tuberosities. The crown-heel length includes the height of the head, a 
part of the length of the spine, a portion of the innominate bone, and 
the length of the lower extremity. Each of these segments has its own 
particular rate of growth in the fetal period, and even the various 
parts of the same segment may have such individual rates. Thus, 
for example, we have found that each vertebra has its definite rate 


experiment rather than by appeal to authority. Nevertheless, the printed con- 
clusions of this experienced investigator are of interest. They are as follows: 

“The entire length of the body, the mesencephalocalcanean line, or the stand- 
ing height of the embryo, is really the best single measurement of the embryo, for 
it is the one usually made by obstetricians as well as by anthropologists. It has 
been said that the standing height of embryos and fetuses is an unsatisfactory 
measurement on account of its uncertainty, but my experience obtained from the 
measurement of many embryos, Fig. 146, shows that it is no more variable, prob- 
ably less so, than either the sitting height or that of the spinal column..... 
(Manual of Human Embryology, F. Keibel and F. P. Mall, eds., 1910, 1,191.) 

“It seems to me that for the present we must continue to employ the sitting 
height or the crown-rump measurement as the standard. Next in importance is 
the standing height, and, judging by the form of a curve made by abscissas and 
ordinates to determine the means by the graphic method, I do not find that one 
is more variable than the other (Figs. 145 and 146). The sitting height is the 
measurement most easily, and, therefore, the one usually made upon young 
specimens, and the standing height upon older ones. These two measurements 
can be compared directly with the two standard measurements made after 
IG ess That the standing height is just as good a measurement as the sitting 
height is further found by the experience of Pfitzner, who was at first opposed to 
it, but after having made many more measurements he selected it as the best 
standard measurement with which to compare all others. This last statement is 
based upon the careful measurements of 5000 cadavers.” (Manual of Human 
Embryology, F. Keibel and F. P. Mall, eds., 1910, I, 194.) 
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of growth in the fetal period and that these rates diminish from head 
to pelvis. Consequently, the question as to which one of these 
dimensions is the ‘‘truer’’ measure of linear growth has no significance. 
Theoretically, any dimension of the body could be used equally well 
as a standard from this point of view. The important criteria are the 
technical errors of its determination. 

The question of selection of a ‘standard’? measurement has seemed 
sufficiently important to warrant a special study of certain phases of 
it in connection with the present investigation. Our method of ap- 
proach has been to make seriatim measurements, under controlled 
conditions, of the crown-heel and crown-rump lengths of the same 
specimen, to plot these observations, and to compute a number of 
expressions of the variability of the individual measurements from 
the means. These experiments were carried out on living, newborn 
infants, on fresh specimens, on specimens preserved in formalin, on 
specimens preserved in formalin and set in plaster bases to pre- 
vent errors due to postural changes, and on plaster of Paris casts 
(hardened by the oil-method) of fetuses. 

The measurements of the larger specimens were made with a 
Schultz (20) measuring apparatus, those of the smaller specimens 
were made with standard, vernier, anthropometric calipers. 

Three observers took part in each experiment. One held the speci- 
men in place, the second measured alternately the crown-heel and 
the crown-rump lengths of the specimen and the third recorded the 
measurements. The scale of the measuring instrument was so placed 
that the observer who determined the measurement could not see the 
reading. The observer who read the scale and recorded each measure- 
ment was so placed that he could not be seen by the person taking 
the measurement. The whole series of experiments was completed 
before any computations were made. All of these precautions were 
taken to avoid the subjective element in the findings. 


Hach experiment required from one-half to three hours. Rest 
periods were taken at fifteen-minute intervals and these were recorded 
with the readings.* 


* It was found that fatigue had little or no effect on the accuracy of these 
measurements, and the determinations made just before a rest period approached 
the mean quite as closely as those taken shortly after rest. But distractions of 
attention, through outside disturbances and the like, had a marked effect on the 
precision of mensuration. 
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The results obtained are illustrated in part by figures 2 and 3. 
The figures are typical graphic representations of the findings. The 
individual observations are shown, in series as taken, by dots con- 


FIGURE 2 


OnE HUNDRED SERIATIM DETERMINATIONS OF THE CROWN-HEEL 
AND CrowN-Rump MEASUREMENTS OF A FRESH SPECIMEN 
APPROXIMATELY 488 MM IN Crown-HeEEL LENGTH 
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The dots, connected by solid lines, represent the individual observations. 
The broken line is the average of all observations in the series. The first 50 ob- 
servations (shown in the upper panel) were made without moving the specimen. 
In the second series of 50 observations (lower panel) the specimen was moved 
between each measurement. The lengths were determined with a Schultz 
measuring instrument. The technique of measurement is described in the text. 


FIGURE 3 


Firry SeriATIM CRowN-HEEL AND Crown-RumMp MEASUREMENTS OF A 
PRESERVED Frrus APPROXIMATELY 158 MM IN CROWN-HEEL LENGTH 


1 5 9 13 IT a 25 @) 35) Si 4) 45 49 


The graphic treatment of the data was the same as that described in con- 
nection with figure 2. The lengths were determined with steel anthropometric 
vernier calipers. 
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nected by solid lines, and the mean for the entire series of readings is 
drawn in broken line. 

Table 4 includes the essential data of a number of the experiments 
and the computations made from them. The variabilities of the two 
measurements are shown by their absolute and percentage ranges, 
their ‘‘range indices” (range of variation in crown-rump length ex- 
pressed as a percentage of range of variation in crown-heel length), 
their standard deviations, their coefficients of variation, and their 
“coefficient of variation indices” (coefficient of variation of crown- 
rump length expressed as a percentage of the coefficient of variation 
of crown-heel length). 


qUANIBILIS, 4! 
Results of Tests of the Reliability of Crown-heel and Crown-rump Measurements 
Number of| Measurements Range of a Sean eae Mee 
. iati — AS [e) 
Material Resta Mean. |Maximum|Minimum)| Absolute) Per cent. Range aie variation sem teb ed 
ments _| (mm) | (mm. mm.) | (mm. of mean (per cont.) “ I(pee cent.)|(per cent) 
Living newborn CR 342.83) 352 | 334 | 16 5.25 4.55 | 1.33 
A infant Culm ac [527.09] 537 | 516 | 21 3.98 | 91-7 1.479 | oo1 | 2° 
Fresh specimen CR 259.06] 265 | 252 | 13 5.02 241 | 0.93 
2 No. 1 cu| °° |301.11) 3e7 | 376 {1 269 | TT! 222 | 058 | 1004 
Pence 2e9.98| 295 | 263 | 12 | 414 |. 1.92 | 0.66 
€ P A6 : i 
No. @ cu} ~“° |423.59| 429 | 418 | 11 | ye) orn 222 
Lee 
Fresh specimen CR 334.18) 342 | 330 | 12 3.58 277 | 083 
D : 
No.3 (not moved) ¢ 0 | 480.74 490 | 483 i 1.44 Bo 1.52 | 0.31 Bae 
50 : ) 
E No.3 (moved) CH 46656) 492.485) | metas aoe rgulmoasme 
SS eS 
ee 103.141 105 | 975] T5 | -LeT 1.22 | 1.83 
F Preserved ‘ 
pee to Cu Ming 15/051 s1o4"| se. \Ncun ly ncoulece “lide | 0.86 Bie 
Prosepved specimen € R 159.60] 161 | 157 4 2.50 0.75 | OAT 
(set in plaster) CH ee 228.89} 230 | 227 3} 1.31 10:6 0.66 079 | WEL 
Plaster cast CR 157.02 160 156 4 2.55 0.58 0.37 
Ge cu} ~ |226.26| 227 225 2 Opes | 059 | 0.26 tee 


In general these figures show the following results. The absolute 
range of variation in the determination of crown-rump length is greater 
than that of crown-heel length in six of the eight series, the two ex- 
ceptions being the living, newborn infant and one preserved specimen. 
The relative range of variation was always greater in the determination 
of crown-rump than in the determination of crown-heel length by 
30 to 90 per cent. The standard deviation of the determination of 
crown-rump length was greater than that of the crown-heel length 
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in five instances and less in two. In one instance (the plaster of Paris 
cast) the standard deviations of the two measures were approximately 
equal. The coefficient of variation of crown-rump length was always 
greater than that of crown-heel length, exceeding it by 35 to over 
165 per cent in the various series. 

These results lead us to the conclusion that the determination of 
crown-heel length, in so far as it may be tested by this type of experi- 
ment, has a higher absolute reliability in the great majority of in- 
stances, and a higher relative reliability in all instances, than does the 
determination of crown-rump length. Therefore we have used the 
crown-heel length or total length as our standard measurement 
throughout this study, although we have always included the mean 
crown-rump length, for purposes of comparison, in our tables. 


4. Determination and Elimination of Artifacts in Data 


Quantitative data, as ordinarily obtained, on the external dimen- 
sions of the body in the fetal period are affected by a number of errors. 
These errors may be divided into two general groups. The first group 
includes the errors of technique that occur in any extended series of 
mensurations—slight inaccuracies in the manipulation and reading 
of instruments, small clerical mistakes in recording observations, 
and the like. In a large series of observations, these errors may be 
expected to follow the laws of chance and to be compensatory in their 
effect upon average values. The second group of errors, due to arti- 
facts, however, which are introduced from a number of sources, are 
not compensatory but cumulative. They cannot be eliminated by 
the mere accumulation of a large number of observations but they 
can be greatly reduced by weighting the observed results with values 
determined by the quantitative study of the factors involved. Our 
investigation indicates that, in this type of study, errors of the latter 
group come mainly from four sources, viz., (a) changes in the body- 
form of the specimens before preservation, (b) artifacts produced by 
simple preservation in formalin, (c) artifacts produced by injection 
and subsequent preservation in formalin, (d) changes in the dimen- 
sions of the cephalic region through the moulding of the head during 
birth, and (e) modifications of the form of the thorax that accompany 
the partial or complete establishment of respiration. These will now 
be considered separately in detail.* 


* Todd’s (’25, ’28) studies of the variability and errors of whites and negroes 
may be cited as the outstanding example of this type of work for the adult. 
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a. Changes in the body-form of specimens before preservation.—The 
errors introduced by the flaccidity of the specimens before preservation 
are most marked in the smaller fetuses and affect particularly the 
circumferences of the soft parts. They are not necessarily cumulative, 
since slight deformations in one plane may be balanced by similar 
distortions in the opposite one. Most of these errors are avoided by 
the elimination of all specimens not in the best condition. There 
seems to be no doubt, however, that certain dimensions of the ab- 
domen, in particular the transverse diameter at the level of the 
umbilicus, are generally increased in our specimens by the effect of 
gravity when the specimens are placed in the horizontal position 
prior to injection or fixation. This artifact will be considered in more 
detail in connection with the later discussion of the individual 
measurements. 


b. Artifacts produced by simple preservation in formalin.—lIt is well 
known that when fresh tissues are placed in aqueous solutions of 
formaldehyde they undergo considerable changes in mass. The earlier 
quantitative work on this subject was carried out mainly in connec- 
tion with studies of the central nervous system. Thus Hrdlicka (06) 
found that the brains of various mammals and birds, when placed 
in 10 per cent liquor formaldehydi, increased from 13 to 24 per cent 
in weight, but after eighteen months’ preservation in this fluid they 
had undergone a secondary reduction in mass to about 8 per cent 
below their original fresh. weight. A like study by King (710) on the 
effect of formalin fixation on the rat’s brain gave somewhat similar 
results. The effect of 10 per cent formalin on the dimensions of 
fetuses has been studied by Patten and Philpott (’21) and by Schultz 
(19). The former found an average increase of 4.8 per cent in the 
crown-rump lengths of 22 pig embryos after six months’ preservation 
in 10 per cent commercial formalin. Schultz determined the sitting- 
heights, the head breadths, and the head lengths of 18 human fetuses, 
first fresh and later after preservation in formalin for various periods 
up to nine months. Thirty-six weeks after preservation the sitting- 
height had decreased, on an average, 2.54 per cent, while the head 
- length had increased 0.88 per cent and the head breadth had in- 
creased 4.83 per cent. The greatest and most rapid changes in these 
dimensions took place in the beginning of the period of preservation. 

We have supplemented these observations by an experimental 
study of the changes produced by formalin fixation and preservation 
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on 10 dimensions of the head and on the crown-heel and the crown- 
rump lengths. Ten specimens were used in this study. They were 
measured when fresh and then at monthly intervals for six months 
after preservation. The results of this experiment are presented in 
table 5 and are shown in the form of curves in figure 4. 


TABLE 5 


EFFECTS OF FORMALIN PRESERVATION ON THE VARIOUS 
EXTERNAL DIMENSIONS OF THE Bopy 


esta. change after preservation 
O per cent. ee in for: 


6 


Dimension 


Crown-heel lengih -0.9 | -08 
Crown-rump length -0.1 | -OA4 
Horizontal head circumference +10) loa 
Suboccipito-bregmatic circumference +0.1 | +2.5 
Suboccipito-frontal circumference +1.7 | +10 
Occipito-mental circumference +0.9 | +1.2 
Largest head circumference +02 | -03 
Di-parietal diameter +09 | -09 
Occipito-frontal diameter -0.4 | -1.0 
Occipito -mental diameter +04 | +021 
Suboccipito-frontal diameter +11 | +0.6 


Suboccipito -bregmatic diameter +12. | +04 


These data indicate that the changes following preservation in 
10 per cent formalin are relatively slight. Of the 12 dimensions, 
7 departed less than 1 per cent from the original figure before preser- 
vation, 4 showed a departure of 1 through 1.6 per cent, and only 
1 showed a deviation of over 2 per cent. We found a very small 
decrease in the crown-rump length or sitting-height, and the departure 
of the bi-parietal diameter from the dimension as observed in the 
fresh material was a negative value, in contrast to the positive value 
as found by Schultz. Our specimens showed an average decrease of 
1 per cent while Schultz found an average increase of 0.88 per cent. 
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Since these two series of measurements were made in much the same 
way, and probably with equal care, it appears that the effect of 
formalin preservation is somewhat variable, although it is quite 
possible that part of these deviations represent experimental error 
in taking the measurements rather than changes in the parts 


measured. 
FIGURE 4 
Tuer Errect oF SIMPLE PRESERVATION IN FORMALIN ON 
EXTERNAL DIMENSIONS OF THE BoDy 
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Abscissa: Time of preservation in months. 
from values as determined for fresh material. 
presented in table 5. 


Ordinates: Percentage changes 
The curves are based on the data 


c. Artifacts produced by injection and subsequent preservation in 


formalin.—It is common laboratory practice to inject the bodies of 
larger fetuses and newborn children with 10 per cent formalin solu- 
tion, generally through the umbilical vein. This technique has great 
advantages, for it fixes the tissues intravascularly in a much more 
complete manner than does immersion in formalin alone, but, on 
the other hand, it produces marked changes in certain of the external 
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dimensions of the body. Since the majority of our specimens of 35 em 
and over, in total or crown-heel body-length, were injected, aseries 
of experiments similar to those described in connection with the effect 
of simple preservation was carried out to determine the amount and 
duration of the error produced by this technique. 

Twenty-six specimens, ranging from 36.8 to 54.2 cm in total body- 
length were used in this experiment. Fifty-nine dimensions were 
measured on each specimen while fresh. Each specimen was then 
injected with approximately 30 per cent of its body-weight of 10 per 
cent formalin solution through the umbilical vein, and the same set 
of measurements was repeated immediately after the injection was 
completed and the cord tied. The specimens were then placed in 
10 per cent formalin and were subsequently measured at one, two, 
three, four, and six months after the original injection. The per- 
centage change in each dimension for each period was then computed 
separately for the individual specimens and the results averaged. 
These figures are shown in table 6 and are represented graphically 
in figures 5a to 5d, inclusive. . 

Taken as a whole, the external dimensions of the body are in- 
creased by injection. The only exceptions to this rule are the length 
of the upper extremity, the distance from the vertex to the sternal 
notch, the distance from sternal notch to xiphi-sternal junction, and 
the height of the pelvis, which remain stationary or are slightly re- 
duced. The amount of increase varies from a fraction of 1 per cent, 
in the case of certain dimensions of the head and extremities, to 
20.3 per cent, in the case of the antero-posterior diameter of the 
abdomen, and 22.2 per cent in the case of the external conjugate 
diameter of the pelvis. As a rule, measurements of soft parts are 
increased more than those between bony points, and circumferences 
are increased more than lengths or diameters. In summary, we find 
that 7 were increased less than 1 per cent; 4, between 1 and 2 per cent; 
5, from 2 and through 3 per cent; 13, between 3 and 5 per cent; 17, 
between 5 and 10 per cent; 9, between 10 and 15 per cent; and 4, over 
15 per cent. The crown-heel length was increased 1.5 per cent and the 
crown-rump length, 1.6 per cent. 

Preservation in formalin subsequent to injection also affects the 
various dimensions in quite different ways. ‘The most common 
change, illustrated, for example, by many of the diameters of the head 
and certain of the circumferences of the trunk and extremities, is a 


TABLE 6 


Effects of Formalin Injection and Preservation on the 
Various External Dimensions of the Body 


ee 


| Percentage change after Percentage 
eee injection Sec for: Sere 
Dimension change injection and 
_after | | S 4 6 ens 
injection] month |months| months months |months} for © months 
LS ee 
General 
Standing height (crown-heel length) | + 15 }+0.9}+ £.0)+ 0.8)+ O.71+09} -06 
Sitting height (crown-rump length) | + LO |+1.0/+0.9|+07)+04|+05} - O04 
Spine length +42 |+ 56|+ 54)+ 54|/+5.6|/+43| -40 
Crown to umbilicus 40.9 1+ CO) 4G.0l 2.0) 3.0) 4 a1 - 29 
Crown to suprasternal notch -4j |- 48|-4.6|-46|-45|-43| +47 
Head and Neck 
Occipito-frontal circumference +58 1445|+4.7|+ 4.0/4 46|/+4.5| -43 
Occipito -frontal diameter + £26 |+ 3A\+ 34/4 3.2\+ 264+ 2.6) -2€.5 
Suboccipito-bregmatic circumference | + 4.6 |+ 5.0) + 55|+ 5.6|+541+48|} -4.5 
Suboccipito-bregmatic diameter + 5.6 |+ 5.0}+ 5.0]+ 5.2)+ 5.3)}4+ 3.9) - 35.0 
Suboccipito-frontal circumference + 5.1 |+ 69!+ 66|+ 07/+ 604/+ O61 2556) 
Suboccipito-frontal diameter + 43 |+ 6.0/+ 60)+ 5.5/+ 5.7/+4.9 -46 
Occipito-mental circumference t (le Olle O6le 91 Gai 4 - 66 
Occipito-mental diameter FE Moye EMCHOV = MONE: SWGIOEc2 Soles (OS SE Al 
Large circumference (menton-lambda)| + 54 |+ T.0|+ 04|+ O.2/+ 5.3)+ 50) -47 
Bi-parietal diameter +44 14+ 4.7/+ 44+ 4.2/+4.1]}+ 3.9 - 3.6 
Auriculo-vertex-auricular circumference] + 2.9 |+ 2.5/+ 31|+ 20|+ 2.5|+ 33) - 35.1 
Vertical auriculo-vertex distance + 31 |+ 1.3)+ 20+ 1.7)+ 07)/+06)| -O04 
Suboccipito-vertex-nasion circumference] + 0.9 |+ 0.6]+ 0.9|+ 0.2|- 0.2)+ 0.1 OO) 
Menton -bregma diameter £40 /+40| 204i 0.0 Ol AO = 
Bi-malar distance (ordiameter) | + 5.1 |+5.9)+ O2/+ 5D SO) eo - 1.0 
Bi-auricular diameter + 9.5 }412.5/4+114/+11.2/+101/+ 8.0} - T2 
Avriculo-vertex diameter Po Wap Pete PS MTGES Tenis ATG 0) - 0.5 
Nasion-menton distance + 6.6 |+ 06)+ T.T|+ 6.1)+ T.O0]+ 6.0} -5A4 
Crown-menton distance (V.H.H.) | + 4.60 |+ 5.1]+ 5.7|+ 6.0]+ 47/443] -40 
Orbito-auricular distance # 0:53/+ 0.1 )4 6.00 6) 451) 96.0 eel. 
Orbito-auriculo-suboccipital diameter | + 6.5 |+11.5)+10.8|/+ 9.5|+ 9.0/+ 7.7] - 09 
Circumference of neck +184 |4+23.3)474.0|+74.1 1422.5|+22.0| -I17.5 
Trunk 
Bi-acromial diameter + 54 |4+ 42\+ 3.3]+ €.5|/+ 3.3]/+ 06) -05 
Nipple to nipple distance < + Olah LC Cle GO) ts Olga G e160 


TABLE 6. Concluded 


Effects of Formalin Injection and Preservation on the 
Various External Dimensions of the Body 


Dorcent-| Percentage change after | Percentage 
D: ; age | injection and preservation for: gms 
imension change actor 
ae oe | 22 | 6 pees 
Injeclon| month months months months|months foe 6 months 
Trunk -concluded 
Bi-deltoid circumference + 9.7 |4+11.7)+12.6}+12.3}+10.T/+10.5} - 89 
Bi-deltoid diameter + 5.7 |+ T.0}+ 0.5/+ 5.9}+5.0)+4.1) -3.8 
Circumference at nipples +15.5 |+15.7]+10.3|+15.7/+15.3/+149]} -12.9 
Transverse diameter at nipples + 8.0 |+10.9|+10.0}+10.9}+104/+104) -9.2 
Antero-posterior diameter at nipples 414.5 |+15.1 |+15.6 | +15.7)+15.7/ 415.2} -13.0 
Circumference at xiphi-sternal junction | +11.9 |+12.7|+13.0}+13.1/+12.6)-12.2} -10.8 
Antero-pasterior diam at xiphisternal junc.) +13.8 | +13.8 |+13.5|+15.6/+15.3/+12.8) -11.1 
Transverse diameter at xiphi-sternal junc.| + 4.0 |+ 4.T|+ 44|+ 4.6/+4.35)+4.0) - 3.7 
Circumference at tenth rib +144 |4+14.3|+14.2/+14.6)+14.3)413.9| -12.2 
Antero-posterior diameter at tenth rib 414.7 |+13.7|+134 |413.5/413.4/+13.0}  -11.2 
Transverse diameter at tenth rib +2.6\+ 14)+ 1.7/+ 15)4+14)+14) - 1.2 
Circumference at umbilicus +19.5 |+19.8|+20.0|+20.0)+20.2/+19.7; -16.2 
Transverse diameter at umbilicus + 3.3 |+ 1.9]+ 2.5}+ 24/+ 2.6|+3.0| - ZT 
Antero-posterior diameter at umbilicus | +20.3 | +214 | +204 | +20.3) +20.8)+19.T; -15.9 
Sternal notch to pubis + 8A |+ 7.8/+ 7.9|+ 7.6)+ 7.8/+ 7.0) - 09 
Sternal notch to umbilicus + 9A |410.3|+104 |+10.3/4+10.3/+9.8| - 87 
Sternal notch to xiphi-sternal junction | = 0.0 |+4.2|+ 4,3)/+ 4.6|+5.1/+4.1] - 3.0 
_ Xiphi-sternal junction to pubis Pec oe el OD 440.914 O10 “=o 
Xiphi-sternal junction to umbilicus 413.6 |+12.0| +118) 411.8) 411.0)4+11.0} -93 
Umbilicus to pubis HAT |+ 89)/4+ 81/4 7.0|+ 85/+ 7.0) -49 
Pelvis 
Height of pelvis (crest of ilium torump)| - 0.2 |- 2.1)/- €4|- £.8)-28)-4.6| +5.0 
Interspinous diameter + OA |+ 2.3/+ 3.6/4 2.6/+ 3.0/+ 5.0} - 186 
Intercristal diameter + 3.0 |+ 5.T\+ TOl+ T2/+ 694+ 5.9) - 59 
Intertrochanteric diameter + 1.3 |+3.1/+ 38)+42/+3.5/+3.0) - 28 
External conjugate diameter +222 |+28,2)+29.5}+27.1/+20.5|+224| -17.5 
Bi-tuberous distance + 1614 09) 135\4 54\= GOl=] 25) + 5.0 
Extremities 
Length of upper extremity + 0.0 |- 0.5)/-0.2}- 01/- 02/-03) +04 
Length of lower extremity OG lO + 0.01 O03 111-09"  =09 
Circumference of arm + T.2 |+10.8} +10:1| +10.5)+10.2/+ 9.6; - 82 
Circumference of thigh +356 \+7.5\+ 80}+ 6.6\+ 6.6/4 1.5) - 66 
lies 
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slow and slight increase for one to three months after injection, 
followed by a rather slow decrease for the remainder of the period. 
Another group of measurements, illustrated by the length of the lower 


FIGURE 5a 
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Abscissa: Time of preservation in months. Ordinates: Percentage changes 
from values as determined for fresh material. The curves are based on the data 
presented in table 6. 


extremity, shows a small but steady decline. Still others, such as the 
transverse diameter of the thorax at the xiphi-sternal junction, show 
practically no change in formalin after injection. 

While many dimensions undergo distinct changes during the first 
few months of preservation after injection, they seem to change 
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relatively little after this time. The graphs presented in figures 5a 
to 5d, inclusive, show that 55 of the 58 dimensions tested remained 
practically stationary after four months in 10 per cent formalin. The 
remaining 3 still continued to decline very slowly. Most of these are 
dimensions that were greatly increased by injection. Thirty-five of 


FIGURE 5b 
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Abscissa: Time of preservation in months. Ordinates: Percentage changes 
from values as determined for fresh material. The curves are based on the data 
presented in table 6. 


the 58 measurements show a change of 0.5 per cent or less between 
four and six months, 10 a change from 0.5 and through 1.0 per cent, 
8 show a change of between 1.0 and 2 per cent, and 5 a change of over 
2 per cent. The last group includes the measurements of highly vari- 
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able dimensions in which there is a large technical error of determina- 
tion. The average change in all dimensions in the period between four 
and six months is about 0.8 per cent, which is not a large absolute 
value for most dimensions of the body in the last three months of 
gestation. 


FIGURE 5c 


Tue Errect oF INJECTION AND SUBSEQUENT PRESERVATION IN 
FORMALIN ON CERTAIN DIMENSIONS OF THE TRUNK 
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Abscissa: Time of preservation in months. Ordinates: Percentage changes 
from values as determined for fresh material. The curves are based on the data 
presented in table 6. 


After injection and six months’ preservation in formalin the average 
percentage change of all measurements from their values in fresh 
specimens is approximately 5.8 per cent. Seven dimensions were 
changed between 0 and 1 per cent; 10, between 1 and 3 per cent; 
15, between 3 and 5 per cent; 16, between 5 and 10 per cent; 6, be- 
tween 10 and 15 per cent; and 4, between 15 and 20 per cent. The 
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effects of injection and preservation on the various types of measure- 
ment were much the same as those of injection alone, for generally 
the dimensions between bony points are less affected than measure- 
ments of soft parts, and diameters or lengths are less affected than 
circumferences. Four dimensions showed a decrease in average size 
at the close of the experiment and the remaining 54 were increased. 


FIGURE 5d 


Tue Errect oF INJECTION AND SUBSEQUENT PRESERVATION IN FORMALIN 
ON CERTAIN DIMENSIONS OF THE TRUNK AND PELVIS 
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Abscissa: Time of preservation in months. Ordinates: Percentage changes 
from values as determined for fresh material. The curves are based on data 
presented in table 6. 


The application of these findings to our observed data is discussed 
in the section on analysis of data, and the changes in the individual 
dimensions are considered in more detail in connection with the 
various sections of the summary of findings. 

d. Changes in the cephalic region due to birth moulding.—That the 
birth process may produce a considerable change in the shape of the 
fetal head has long been accepted by obstetricians, but the exact 
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nature of this moulding has not been investigated in detail, although 
studies that consider the subject from a qualitative viewpoint 
have appeared from time to time in the literature. The only work 
dealing with the actual amount of change in any given head dimension 
seems to be that of Stumpf (07). This author’s study was confined 
mainly to the determination of the amount of change in the circum- 
ferences of the head in the suboccipito-bregmatic and suboccipito- 
frontal planes. It was based upon some 200 newborn children 
measured soon after birth and again on the seventh day. He found 
an actual decrease in these dimensions amounting, on the average, 
to 8.6 mm and 6.0 mm, respectively. These figures were all obtained 
from living children, none of whom were born by forceps extraction 
or through contracted pelves, and hence are representative of average 
normal cases, rather than abnormal ones such as stillborn children 
may well be. They are, therefore, of little aid in correcting for the 
moulding changes that were obviously present in our material. 

In order to arrive as nearly as possible at the exact size and pro- 
portions of the fetal head in utero and at term, it was therefore neces- 
sary to make a special series of head measurements of newborn 
children in which head moulding was eliminated. Two types of cases 
were selected for the purpose: first, infants born by Caesarean section, 
without the previous occurrence of any labor pains, and second, 
infants born by breech extraction where this extraction was easily 
and quickly performed. Considerable care in the selection of the 
latter group was necessary as one will often observe moderate mould- 
ing in some breech-born infants. Second twins were found most 
satisfactory, for the birth canal is usually well dilated by the passage 
of the first twin. 

In all, 33 infants were studied, the measurements being made 
in the first day of postnatal life in order that growth changes might 
not alter the dimensions. Of these children, 5 were premature, accord- 
ing to the menstrual history and the body-length, and one was post- 
mature. These 6 cases were not included in the determinations of 
the averages for the fetal head at term. 

The complete data of this study are shown in table 7. This table 
includes the individual measurements of 10 head dimensions of 27 
fullterm infants ranging from 48 to 53.5 em and averaging 50.5 em 
in total or crown-heel length. The method of selection of the cases, 
we think, eliminates to a large degree the error introduced by birth 
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moulding so that the resulting averages represent a close approxima- 
tion to the fullterm head in utero, and may be used as a standard for 
the correction of our data obtained from stillborn material. ‘These 
average values show a distinct departure from the figures that are 
obtained from measurements made some time after birth, which are 
those usually quoted in texts of obstetrics. We think, however, that 
they approach more nearly the actual measurements of the fullterm 
fetus in utero since the cases upon which they are based have not 
been subjected to moulding, nor have they been increased. by growth 
in the period between birth and the fourth day, when many of the 
published figures were taken. These dimensions also show a marked 
departure from our observed figures for head dimensions in fresh, 
stillborn, fullterm children. The head diameters of the living infants 
were increased over those of the fresh dead material from 0.2 mm in 
_ the case of the occipito-mental diameter, to 10.6 mm in the case of 
the suboccipito-frontal diameter. The average increase of the 5 
diameters studied was 7.5 mm. The circumferences were similarly 
increased from 9.5 mm in the case of occipito-mental circumference, 
to 27.5 mm in the case of the horizontal head circumference, the 
average enlargement of the 5 circumferences being 19.2 mm. It is 
quite possible that some of the other dimensions of the cranial vault 
and the base of the skull are affected to a slight degree by the process 
of birth moulding, although we were unable to include them in this 
study. So far as this rather small series of cases indicates, there is 
no direct relation between parity or sex and the degree of cranial 
change at birth. The exact amount of change in each dimension, and 
the application of these data to our figures will be considered in 
detail in later sections of this study. 

e. Modifications of the form of the thorax that accompany the partial 
or complete establishment of respiration.—While the effects of birth 
moulding on the form of the head have been recognized by obste- 
tricians for a long period, little attention has been paid to birth 
changes of the external dimensions in other parts of the body. The 
most striking of these are changes in the form of the chest, which 
have been described by Scammon and Rucker (’21). These authors 
estimated that there was an average increase in the circumference 
of the thorax at the nipples of approximately 2 em or nearly 9.4 
per cent within fifteen minutes after respiration was established. 
A similar, although less marked, change probably occurs in the cir- 


GENERAL PLAN OF INVESTIGATION 29 


cumference at the xiphi-sternal junction and at the level of the tenth 
rib. After this initial expansion there is a secondary decrease in chest 
circumference, which begins in the first day and continues to the 
third day after birth. There is also a corresponding augmentation 
of the antero-posterior and transverse diameters of the chest, but 
the former is much the more increased, so that the thoracic index at 
the level of the nipples rises from about 86 to 106 in the first quarter 
of an hour of postnatal life. These changes not only modify the form 
of the thorax in the newborn but they also have an effect on the data 
on the fetal chest as well, for, although we are accustomed to consider 
most fetal material as stillborn, Noback (’21) found that 28, or nearly 
64 per cent of an unselected series of 44 fetuses of 30 em and over in 
total body-length, showed definite evidences of some degree of estab- 
lishment of respiration. 


III. Analysis of Data by Graphic and Numerical Methods 


Data of the kind under consideration are of such a complex type 
and are so influenced both by natural or ‘‘gratuitous” variation and 
by various experimental errors that their significance can be deter- 
mined only by systematic analysis, preferably by the use of both 
graphic and numerical methods. Our program for this part of the 
study included the following steps: 

1. Establishment of preliminary tables for each dimension on the 
basis of the total or crown-heel length. 

2. Graphic expression of the distribution of observations of each 
dimension on the basis of crown-heel length, and establishment of 
preliminary “point to point”’ curves based on averages. 

3. Correction of preliminary curves for experimental error. 

4, Establishment of final curves and development of their ex- 
pressions by empirical formulae. 

5. Computation and compilation of final tables including cal- 
culated values, deviations of calculated from observed values, 
calculated values at 5 em intervals of body-length, and absolute and 
percentage increments in these intervals of body-length. 

6. Computation of the growth of the external dimensions of the 
body with respect to age in the fetal period. 

7. Computation of relative values on the basis of the total or 
crown-heel body-length. 

8. Computation of ratios or indices. 
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9. Computation of the values of the external dimensions of the 
body in the fetal period in terms of their natal values. 

10. Construction of histograms illustrating the relative and abso- 
lute changes in the external body-form in the fetal period. 

11. Graphic and tabular comparisons of the present findings with 
those of other investigators in this field. 

In the following pages these procedures will be described in some 
detail. 

1. Establishment of Preliminary Tables 


Practically all the data were collected before any effort was made 
to analyze them. Primary tables were then made by first arranging 
the data for each dimension in eleven groups on the basis of the 
crown-heel lengths of the specimens. Each of these groups repre- 
sented a 5 cm interval of crown-heel length, the first interval including 
all specimens below 5 cm and the last all specimens between 50 and 
55 em. The average, the median, the minimum, and the maximum 
measurement in each interval was then determined and recorded. 
The average and the median crown-heel length and the average 
crown-rump length of each 5 cm group of specimens were also com- 
puted separately for each dimension. The results of these calculations, 
with the exception of the median crown-heel lengths and the median 
dimensions, are given in the second to sixth columns, inclusive, of 
the tables given in the sections forming the summary of findings 
(see, for example, table 10, page 76). 


2. Graphic Expression of Distribution of Observations 


A field graph was constructed for each dimension. In all of these 
graphs the ordinate or Y axis represented the dimension in question 
and the abscissa or X axis the crown-heel length of the body. Each 
observation was indicated on the graph by a symbol, the female 
specimens being represented by circles, the males by solid dots, and 
the cases of unknown sex by crossed circles. After the individual 
cases had been located, the measures of central tendency—the aver- 
age and the median values for the dimension for each 5 em interval— 
were also indicated on the graph by special symbols. The positions 
of these averages with respect to the X axis were determined by the 
average body-lengths for the intervals and the positions of the 
medians by the median body-lengths of the intervals. Two pre- 
liminary curves of central tendency were then established on the 
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graph, one by connecting with a set of straight lines all the average 
points, and another by similarly connecting all the median points 
of the 5 cm intervals. 


3. Correction of Preliminary Curves for Experimental Error 


As has been pointed out in a preceding section, a number of dimen- 
sions are affected by different artifacts of various origins. The next 
step in the procedure was to apply to the raw data the corrections 
obtained by experimental study in order to eliminate these errors 
as far as possible. Since several kinds of experimental error may 
affect the measurements of a single dimension, the various dimensions 
were grouped for consideration according to the effects of artifacts 
upon them rather than the methods of eliminating each kind of 
artifact, throughout the series of dimensions. 

Of the 70 dimensions measured, 19 showed no evidence of any 
marked influence by artifacts, and the point-to-point curves made 
by connecting the 5 em range averages followed the approximate 
course of a straight line, with respect to total body-length, aside from 
slight compensatory fluctuations such as are encountered in all large 
series of measurements of variable objects. An example of this type 
of dimension is shown in figure 6, which is a graph of the length of 
the upper extremity plotted against total or crown-heel body-length. 
The 5 cm interval averages are indicated by dots and the 5 cm interval 
medians are indicated by crosses. The straight line through these 
points has been drawn by inspection, and shows how small the 
deviations are in the trends of this group of measurements. The 
dimensions of this type were, in the great majority of cases, measure- 
ments of distances between skeletal points. They included all of the 
lengths of the extremities and their parts, measurements of the face 
and base of the skull, and measurements of two skeletal segments of 
the trunk. 

The remaining 51 dimensions all showed some evidence of being 
influenced by artifacts, although in no case was this evidence present 
in the first part of the preliminary curves, which consistently followed 
a regular course up to at least 30 em, and in most instances to 40 cm, 
crown-heel length. The upper portions of these graphs, however, 
showed some deviations, either upward or downward, from the pre- 
ceding regular segments of the curves. 

In other words, the lower four-fifths of the distributions, which includes 
the cases much less affected by the factors incident to birth, and which 
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were not injected but only immersed in formalin, showed an arrangement 
of the points of central tendency in a regular course with no more deviation 
than is to be expected in any extended series of measurements of varvable 
material. Irregularities in the plotted measures of central tendency are, 
in general, found only in the upper fifth of the distributions of material 


FIGURE 6 
Tur RELATION BETWEEN THE LENGTH OF THE Upper EXTREMITY 
AND THE CRowWN-H&EL LENGTH IN THE FETAL PERIOD 
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Abscissa: Crown-heel length (em). Ordinate: Length of the upper extremity 
(cm). The average values for the 5 cm intervals of crown-heel length, from 0 to 
50 cm, inclusive, are indicated by dots, and the medians for these intervals are 
indicated by crosses. The curve is drawn by inspection. 


according to crown-heel length, which segment includes the cases largely 
affected by birth processes, and by neonatal changes, and which includes 
the material that was injected as well as preserved in formalin. : 

There were 16 dimensions in which the terminal segments of the 
distributions were quite evidently primarily affected by injection and 
subsequent preservation in 10 per cent formalin. This error was 
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shown graphically in our preliminary point-to-point curves, for while 
the 5 cm interval average points fell in definite alignment up to 30 
to 40 cm of crown-heel length, they became much more irregular 
above this level, falling out of line with the preceding ones, and 
indicating a marked increase in the measurement. The deviations 
of these upper points from the course indicated by those of the lower 
segments of distribution showed a very close relation to the increase 
produced by formalin injection and preservation as determined by 
our experimental study of these artifacts. 

An example of the condition is shown in figure 7, which is a graph 


FIGURE 7 


THE RELATION BETWEEN THE B1-DELTOID CIRCUMFERENCE AND THE 
Crown-HEEL LENGTH IN THE FETAL PERIOD 
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Abscissa: Crown-heel length (cm). Ordinate: Bi-deltoid circumference(cm). 
The average values for the 5 cm intervals of crown-heel length, from 0 to 55 cm, 
inclusive, indicated by dots. The broken line is a point-to-point curve drawn 
through the averages for the last three 5 cm intervals. The solid line is a curve 
drawn by inspection through the averages for the first nine intervals and pro- 
jected through the last two intervals. The asterisk indicates the observed value 
at 50 em crown-heel length after correction for the artifacts of formalin injection 
and preservation. 


of the bi-deltoid circumference plotted against the total or crown-heel 
length. It will be seen that the 5 cm interval averages, from 4 to 
37 cm, fall approximately in the course of a straight line, while above 
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37 cm the slope of the curve, which is indicated in broken line on the 
eraph, is suddenly and distinctly increased. The experimentally 
determined correction for injection and preservation error of this 
dimension is 8.9 per cent. This correction, when applied at 50 cm 
crown-heel length, gives the value indicated by an asterisk on the 
eraph. If now the straight line indicated by the average points from 
4 to 37 em, inclusive, is projected to the upper end of the graph it is 
found that it passes through the corrected value at 50 cm. This 
projection is represented by the solid line in the figure. Thus, after 
removing the artifactual error present in the larger specimens of our 
material, the resulting values fall in line with the regular course of 
the points of central tendency of the lower portions of the distribution 
where this error was not present because these specimens were not 
injected. The final curves then may be established by the use of 
these corrected values for the upper portion of the distribution 
together with the lower uncorrected points of central tendency. This 
method was used for each of the 16 curves of this group. These 
include the pelvic dimensions, the crown-rump or sitting-height, 
the circumferences of the extremities, with one exception, and a few 
dimensions of the trunk. 

There were 16 dimensions of the head that were evidently affected 
both by birth moulding and by injection. These dimensions were, in 
whole or in part, measurements of the cranial vault and included 
10 of the ordinary obstetrical dimensions and 6 other measurements 
less frequently studied. The deviations found in the preliminary 
graphs of this group of dimensions were the reverse of those of the 
preceding group. The average points above 30 to 40 em crown-heel 
length fell below the projected line through the lower points, in spite 
of the fact that our experimental data indicated that the dimensions 
were increased with injection and preservation. This discrepancy 
indicates either that the rate of growth of these dimensions, in relation 
to body-length, undergoes a marked diminution in the last months of 
prenatal life, or that head moulding decreases these dimensions more 
than injection and preservation increases them. It was for the purpose 
of solving this question that the measurements on unmoulded heads, 
described in a preceding section, were made. When the average 
values for these dimensions of the unmoulded head, as determined 
by this special study, were plotted on the several graphs, it was found 
that they fell within 1 mm of the straight line projected upwards 
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from the points of central tendency for the 5 em intervals of the 
lower part of the curves. 

An example of this type of dimension is shown in figure 8, which 
is a’graph of the occipito-frontal diameter of the head plotted against 
the total or crown-heel body-length. The 5 em interval average 
points of the observed data are indicated in solid dots and the broken 


FIGURE 8 


THE RELATION BETWEEN THE OccIPITo-FRONTAL DIAMETER AND THE 
CrowNn-HEEL LENGTH IN THE FrtraL PERiop 
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Abscissa: Crown-heel length (em). Ordinate: Occipito-frontal diameter (cm). 
The average values for the 5 cm intervals of crown-heel length, from 0 to 55 em, 
inclusive, indicated by dots. The broken line is a point-to-point curve drawn 
through the averages for the last four 5 cm intervals. The solid line is a curve, 
drawn by inspection, through the averages for the first eight intervals and pro- 
jected through the last four intervals. The cross represents the observed value 
at 50 cm after correction for formalin injection and preservation. The asterisk 
represents the observed value after correction for formalin artifacts and birth 
moulding. 


line at the upper end of the graph indicates the depressed terminal 
segment of the preliminary point-to-point curve through the un- 
corrected data. The cross on the 50 cm line represents the value 
at 50 cm, corrected for injection and preservation, and the asterisk 
on the same line indicates the value of the dimension as measured 
on unmoulded heads. The solid line is one passing through the lower 
points of central tendency and projected to the upper end of the 
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eraph. It shows the correspondence of the extrapolated portion of 
the curve and the experimentally determined (unmoulded) values 
at 50 em crown-heel length. Thus, in this instance, as in the case of 
the preceding group of curves, correction of artifacts in the upper 
part of the distribution gives values that fall in line with the course 


FIGURE 9 


Ture DISTRIBUTION OF INDIVIDUAL OBSERVATIONS OF THE OCCIPITO- 
FRONTAL DIAMETER IN THE FETAL PERIOD PLOTTED 
AGAINST THE CROWN-HEEL Bopy-LENGTH 
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The curve drawn by solid line represents the point-to-point curve of the aver- 
ages for this dimension for the 5 cm intervals of crown-heel length, from 0 to 
55 em, inclusive. The broken line represents the projection of the lower segment 
of this curve as a straight line above 35 em crown-heel length. Solid dots, males; 
circles, females; crossed circles, specimens of unknown sex. ‘‘H” indicates a 
hydrocephalic specimen. 


of the uncorrected points of central tendency of the lower portion of 
the distribution where these artifacts are not present. 

This graphic test was made on the 10 obstetrical dimensions of the 
head and gave the straight line correction in every case. The other 
6 dimensions, which showed this same downward deviation, although 
to a less marked degree, and which also involved the cranial vault, 
in whole or in part, were found qualitatively to be affected in the 
same manner by the same artifacts. Therefore, although these 
dimensions were not measured on unmoulded heads, the same type 
of correction was applied to them by projecting the line of the lower 
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unaffected and uncorrected average points. The final curves for this 
_ group of dimensions were established, as in the preceding group, 
by the use of corrected values for the upper portion of the distri- 
bution together with the lower uncorrected points of central tendency. 

There were 9 dimensions that were apparently affected both by 
formalin artifacts and by neonatal changes associated with the 
establishment of respiration. These dimensions were all measurements 
of the trunk and particularly of the thorax. When the 5 cm interval 
average points of these measurements were plotted against the 
crown-heel length, they all showed the same general character. They 
all fell in the course of a straight line up to 40 to 45 ecm crown-heel 
length, but above 45 em they showed a sudden departure from the 
trend indicated by the lower values. After the values of these dimen- 
sions at 50 em of crown-heel length were corrected for the effects of 
formalin injection and preservation, they still showed deviations 
from the projected line of the lower range averages, as indicated 
in table 8. 


TABLE 8 
Deviations oF TxHoractc DIMENSIONS AFTER CORRECTION FOR FORMALIN 
ARTIFACTS 
DIMENSIONS AND DEVIATIONS AFTER 
CORRECTION FOR FORMALIN ARTIFACTS 
LEVEL OF 
MEASUREMENT : Transverse Antero-posterior 
Circumference ; ; 
diameter diameter 
(mm) 
(mm) (mm) 
Nipples — 23 —7 —10 
Xiphi-sternal junction — 20 +0 — § 
Tenth rib —19 +4 — |i 
Umbilicus —12 +8 + 0 


This table shows that, with one exception, the 6 true chest dimen- 
sions are smaller after correction for formalin artifacts than might 
be expected from their course of growth in the greater part of the 
fetal period. This indicates either that the rate of growth of the 
chest undergoes a sudden and pronounced decrease in the latter 
part of the fetal period, or that some artifact has caused a diminution 
in the size of the thorax that nullifies a part of the increase in size 
introduced by injection and preservation. 
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That the latter is the case seems indicated by the following evi- 
dence: In the study of Scammon and Rucker (’21) on the external 
dimensions of the chest in the neonatal period, described in a pre- 
ceding section, it was shown that, while there was an increase in the 
chest dimensions with the establishment of respiration, this change 
was followed by a marked decrease in the various measurements of 
the thorax concomitant with the postnatal weight loss. The decrease 
in the thoracic circumferences at the levels of the nipples, the tenth 


FIGURE 10 


Tue Errect or Brrth MouLpING ON THE OccIPITO-FRONTAL 
DIAMETER IN THE LATTER PART OF THE FETAL PERIOD 


0 50 100 150 £00 £50 500 I50 400 450 500 550mm. 


Abscissa: Crown-heel length (mm). Ordinate: Occipito-frontal diameter 
(mm). The broken line is a point-to-point curve of the averages of this dimension 
for 5 em intervals of crown-heel length, from 0 to 55 cm, inclusive. The dotted 
line represents the position of the upper segment of this curve after correction for 
the artifacts of formalin injection and preservation. The dots and circles repre- 
sent observations of this dimension on living unmoulded heads and the cross is 
the average of these observations. The solid line represents a projection of a 
straight line for the observed averages of the eight lower 5 cm intervals of this 
series projected through the three upper intervals. 


rib, and the xiphi-sternal junction, averaged approximately 2 cm. 
If this further correction of 2 cm is applied to the circumferences, 
after correction for formalin artifacts, at 50 em, the resulting value 
falls directly in line with those observed for the straight portion of 
the curve. Figure 11, which is a graph of the circumference at the 
tenth rib, illustrates this procedure. The solid dots of this graph 
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indicate the positions of the uncorrected 5 cm interval averages. 
It will be seen that these follow the course of a straight line up to 
42.5 cm, but that the last two show a distinct upward deviation. 
The cross on the graph indicates the value at 50 em of crown-heel 
length after correction for formalin artifacts. It therefore represents 


FIGURE 11 


THE RELATION BETWEEN THE CIRCUMFERENCE OF THE ABDOMEN AT THE TENTH 
RIB AND THE CROWN-HEEL LENGTH IN THE FETAL PERIOD 
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Abscissa: Crown-heel length (em). Ordinate: Circumference at the tenth rib 
(em). Average values for the 5 cm intervals of crown-heel length, from 0 to 
55 em, inclusive, indicated by dots. The broken line is a point-to-point curve 
drawn through the averages of the last three 5 cm intervals. The solid line is a 
curve drawn by inspection through the averages for the first nine intervals and 
projected to 55 em crown-heel length. The cross represents the average observed 
circumference at 50 cm crown-heel length after correction for formalin injection 
and preservation artifacts, and the asterisk represents the observed value at 
50 em crown-heel length after correction for the changes produced in the establish- 
ment of respiration. 


the true value for uninjected fetuses at 50 em. The asterisk on the 
graph indicates the value at 50 cm, after adding the 2 cm correction 
for neonatal thoracic changes described by Scammon and Rucker. 
It will be seen that this symbol lies directly on the line projected 
through the averages of the lower straight portion of the curve. In 
other words, after correction of the upper observed values for formalin 
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artifacts and for the neonatal dimensional change, a value is obtained 
that is comparable with the values for the earlier ranges where these 
artifacts have little influence, since the smaller specimens are gener- 
ally truly stillborn, are not injected, and are placed in preservative 
immediately after delivery. This, in our opinion, indicated a con- 
tinuation of the rectilinear type of curve through the last two 5 cm 
intervals of crown-heel length to the end of the fetal period. 

The other thoracic circumferences treated in the same manner 
give the same results. The antero-posterior and the transverse 
diameters of the chest at these levels present the same type of curve 
as these circumferences, are affected in the same general way by 
injection, and are subject to the same type of postnatal decrease. 
However, the injection correction, as determined by our experimental 
study, does not entirely compensate the artifacts of these dimensions 
because of the flaccidity of the material, which increases the transverse 
diameters. But when these corrections were made, the results 
approximated straight lines so closely that we felt entirely justified 
in considering them as such. 

There remain 10 of the 70 dimensions, which may be subdivided 
into two groups of 5 each. The first of these groups comprises 5 
anterior longitudinal midline measurements of the trunk. The first 
portions of these curves showed the regularity characteristic of the 
other parts of the body, but their upper segments showed marked 
deviations, which were only partially accounted for by injection 
artifacts. These dimensions were all influenced by posture, and we 
think it probable that this is the chief factor causing their change in 
slope; for another measurement of the same type but of a skeletal 
part—namely, the length of the sternum—did not present these 
peculiar deviations. However, since we did not make a quantitative 
experimental study of the effect of posture, we have not felt justified 
in attempting its correction and, therefore, have only eliminated the 
injection and preservation error from the average points of the upper 
segment of the distribution by the methods described in the preceding 
pages. As will be noted in the next section, the resulting curves are 
not straight lines. 

The last 5 curves form a heterogeneous group in which each shows 
its own peculiarities. 

The distance between the nipples shows a marked deviation up- 
wards of the last two 5 cm interval averages, which is not corrected 
by the figures for formalin artifacts. This may be a chance deviation 
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in somewhat variable material, but it is more probable that it repre- 
sents a natal enlargement of the breasts accompanying the formation 
of “witch’s milk.” Below the last two 5 cm interval averages the 
approximation of this dimension to a straight line is a very close one, 
and we have therefore extrapolated this curve to the end of the fetal 
period. 

Our technique of measurement was at fault in determining the bi- 
auricular diameter, for the measurements of the older specimens were 
made with a rounded-point pelvimeter, while those of the younger 
ones were made with flat-bar calipers. Consequently there is a slight 
modification in the slope of the preliminary curve at about 25 cm 
crown-heel length where the change in technique was made. The 
lower segment of the curve is a straight line without correction. The 
upper segment of the curve is also a straight line, of a slightly 
different slope, after correction for formalin injection and _ preser- 
vation. 

The thigh circumference shows a marked deviation upward in the 
last two 5 cm interval averages. After correction for formalin arti- 
facts there still remains a slight deviation (of about +3 per cent in 
the last 5 cm interval average). This deviation may possibly be due 
to an increased deposition of fat in certain fetuses in the last days 
of prenatal life or possibly to differences in the posture of the thigh 
in the larger specimens. 

The distance from the crown to sternal notch is probably affected 
by a complex of artifacts consisting of an injection and preservation 
error, head moulding, respiration change, and a postural modification 
similar to that affecting the other anterior longitudinal measurements 
in the midline. The data on this measurement have been corrected 
for formalin artifacts, but no further correction has been attempted. 

The circumference of the neck is quite regular up to 35 cm crown- 
heel length. Above this point the 5 em interval averages show a rapid 
rise, but this rise is much more than compensated by the formalin 
correction. This dimension is so variable in larger fetuses and is so 
easily affected by postural change, birth engorgement of the cervical 
veins, technical difficulties in making the measurement at a constant 
plane, and thyroid enlargement (in this district), that we regard our 
figures as quite unreliable, although we have represented the course 
as a straight line in the last two 5 cm intervals on the basis of our 
averages for the lower segments of the distribution. 
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4. Establishment of Final Curves and Development of Their 
Expressions by Empirical Formulae 

The field graphs were now provided with a new set of points of 
central tendency giving corrections, where required, for the main 
artifacts in the observed data. These graphs were again examined 
and new curves of central tendency were drawn on them by inspec- 
tion. In this process we made use of the corrected average points, and, 
for the lower parts of the curves, of the weighted median points as 
well. Usually, however, the average and median points lay so close 
together that the use of the latter seemed superfluous (see figure 6). 
The empirical formulae for these curves were then determined by 
standard graphic methods. 

The purposes of developing graphic empirical formulae for these 
curves are several. The procedure does not increase the reliability 
of the inspected curve nor does it improve the accuracy of the points 
upon which it is based, but it does give an accurate and abbreviated 
expression of the curve as drawn, allows a numerical statement of the 
differences between the observed and inspected values, affords a 
quick and accurate method of interpolation, and is particularly 
valuable in shifting sets of values into different scales and forms of 
expression. It is also useful in classifying curves as to form and 
character, but it should be remembered in this connection that the 
reliability of the deductions made by this method is dependent on 
the amount of error in the original observations and in the estimation 
of the curve drawn through them. 

It was found that 64 of the 70 dimensions studied approximated 
straight lines when plotted against the total or crown-heel body- 
length and that therefore they might be expressed by the general 
equations: 

Y=aX-+b. 
Y in these equations is the dimension in millimeters, X is the total 
body-length in millimeters, a is a constant in the form of a decimal 
fraction, and 6 is a second constant in millimeters. 

The remaining 6 dimensions could not be expressed by formulae 
of this simple type. Of these, 5 were the measurements of dis- 
tances in the median line of the anterior surface of the body, which 
have just been discussed. They showed a variety of forms. Four 
were represented by straight line formulae, which were phased at 
25 em total body-length. The fifth curve was also phased at 25 cm, 
but the formula for the first segment of the curve involves a frac- 
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tion of the square root of the body-length. It may be said that 
while the formulae for these 5 curves give approximate expressions 
of the data as observed and corrected for formalin artifacts, we think 
that further study of artifacts, and particularly of the flexion of the 
body, may lead to some changes in them, possibly to reducing them 
to simple straight line formulae. The sixth was the bi-auricular di- 
ameter, which was also bi-phased as two straight lines. As pointed out 
in the preceding section, the peculiarity of this curve is probably due 
to a change in the technique of measurement of the larger specimens. 

Empirical expressions and curves for these progressions were 
also developed by the method of averages and the method of least 
squares. The method of averages or means gives an expression (for 
a rectilinear progression) by which the algebraic sum of the devia- 
tions of the calculated from the corresponding observed values is 
zero. In determining the constants of the empirical formulae by 
this method we have made use of all the observed means for 5 cm 
intervals of total body-length where the dimensions were not ob- 
viously affected by artifacts. In instances where artifactual errors 
were demonstrated to affect the upper part of the progression, the 
expression was developed by use of all the means of the 5 cm inter- 
vals in the lower and unaffected part of the progression and one 
value in the upper segment of the progression. This last value was 
corrected for all artifacts by use of the factors discussed in the pre- 
ceding section. The number of values used in fitting each formula 
are shown in table 163. All of the fits were made to the means un- 
weighted by the number of observations included in them. This 
was done because the number of observations in the 5 cm intervals 
of the lower part of the progression is fairly constant and because 
we had no rational method of assigning a weight to the upper, cor- 
rected value. 

The method of least squares gives an expression by which the 
sum of the squares of the deviations between the observed and cor- 
responding calculated values is set at a minimum. Our procedure 
in applying this méthod to the material was the same as that used 
for the method of averages. 

Obviously no exact comparison can be made of the fits of the 
formulae derived by these various methods, for the criteria of good- 
ness of fit differ for each of them. The graphic method is a procedure 
that depends essentially on the experience and judgment of the com- 
puter. The method of averages is more automatic, although there 
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still remains an element of choice since its development involves the 
use of two segments of the progression (to obtain the two constants 
of the formula), and these may be modified by the computer. The 
method of least squares is entirely automatic and is the more gener- 
ally accepted one. But its use in this instance was complicated by 
the necessity of using a single corrected point in the upper part of 
the progression of dimensions affected by artifacts. 

Some general summaries of these formulae are included in the 
tables at the close of this monograph. Table 163 shows the empirical 
constants, as determined by the three methods and the number of 
points used in the determination of each formula, and table 164 gives 
the mean absolute and mean percentage deviations, with and with- 
out regard to sign, of the calculated from the corresponding ob- 
served values. Table 165 gives the root mean square deviations of 
the calculated from the observed values, with and without the inclu- 
sion of the means affected by artifacts. It will be seen that the con- 
stants obtained by these three methods are usually in fair agreement. 

The fits of the expressions for these relationships, when deter- 
mined by the methods of averages and of least squares, were made 
to the mean values for 5 cm intervals of body-length. An estimate 
of the validity of fitting to the means for these intervals, without 
regard to the variability of the individual observations, may be made 
by a “deviation ratio,” when the rectilinearity of the relationship 
and the least square criterion of goodness of fit are accepted. In 
this case the line of regression of the dimension on body-length is 
the theoretically true expression of the relationship involved and 
the variation about the line is at a minimum. The “deviation 
ratio” (DR) is an expression of the degree to which the variability 
about the given line approximates this minimum. Incidentally, the 
ratio gives an idea of the closeness with which the given line ap- 
proximates the regression line. 

If the root mean square deviation of the ordinates of the in- 
dividuals about a line is represented by s, DR may be written in 
the form s/s) where the subscripts 7 and 0 indicate any line and 
the line of regression, respectively. More analytically: 


Voy +0?o?x — 2a0,0,r+(b+az— 5)? 
oy/1—r? 
where x and oc, represent the mean and standard deviations, respec- 
tively, for the measurements of body-length, similarly y and o,, for 


DR=8)/8 = 
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the measurements of the dimension, r is the Pearsonian coefficient 
of correlation between the two variates, and a and b are the con- 
stants of the line y =ax +b with which the comparison is made. 

For the practical determination of s, and s, the individuals were 
grouped in small cells designed to come within the experimental 
errors of measurement. As a general test of the material comprising 
70 sets of measurements these ratios were computed for the 3 different 
fits (by the graphic method, by the method of averages, and by the 
method of least squares) for the 6 most variable and the 6 least vari- 
able sets of data. The results are recorded in table 166. They indi- 
cate that with the exception of the graphic line for the forearm length, 
there are no appreciable differences among the several fits as obtained 
by the three methods. With the further exception of the occipito- 
frontal diameter, they show no appreciable differences between the 
results of any one of the different methods of fitting and the regression 
line. It is difficult to estimate the significance of the ratio 1.81 in the 
latter exception. 

The above comparisons were based entirely on the lower por- 
tions of the progressions. The s,’s were also compared for the data 
corrected and the data uncorrected for the upper portions of those 
progressions where artifactual corrections were necessary. In these 
cases it was necessary to measure graphically the deviations from 
the lines. Also the graphic line only was used, for the fitted lines 
were practically coincident in all these instances. The results are 
shown in table 167. They support, in every instance, the conclusion 
already drawn that the data corrected for artifacts fit more closely 
the projection of the trend of the lower portion of the line than do 
the-uncorrected data. It will be noted that the s,’s, both for cor- 
rected and uncorrected data, are conspicuously larger than the 
corresponding s,’s for the lower portions of the curves. It is doubtful 
if this is indicative of a significant deviation of trend, for the num- 
ber of cases is not comparable, and there is an increase in variabi- 
lity along the progression, although we have been unable to obtain 
a satisfactory measure of it. 


5. Computation of Final Tables, Including Calculated Values, Deviations 
of Calculated. from Observed Values, Calculated Values at 5 cm Intervals 
of Total or Crown-Heel Body-Length, and Absolute and Percentage 
Increments in These Intervals of Body-Length 


After the empirical formulae for the various curves were determined 
by graphic methods, the calculated values of each dimension for the 
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average body-lengths of each 5 em interval, from 5 to 55 cm, in- 
clusive, were computed and the deviations of these values from the 
corresponding observed averages drawn up. These deviations were 
first computed as absolute values in millimeters and then as per- 
centages of the observed averages. These figures are given in the 
seventh, eighth, and ninth columns of each table of findings for the 
individual dimensions. The average absolute and the average per- 
centage deviations for the 5 ecm interval values from 5 to 55 em, 
inclusive, were also calculated, and these are included in the text of 
the sections on summary of findings. 

It will be noted that both the absolute and the percentage 
deviations were calculated from the observed averages without the 
corrections for artifacts. Consequently these deviations are much 
larger, particularly for the averages of the higher intervals of body- 
length, than if allowance had been made for these corrections. In 
other words, these deviations include both the artifactual errors of 
the data and the errors of curve fitting. While deviations calculated 
from the corrected, observed averages would appear much smaller 
on paper, 1t seems more desirable to have these figures represent the 
entire departure of the calculated results from the raw data, since 
comparisons are to be made with the uncorrected data of other 
observers. 

The means of all these deviations and their root mean squares 
form tables 164 and 165 of Part XII of this monograph. 

The empirical formulae as determined by graphic methods were 
next used to compute the values of the several dimensions at each 
5 ecm of total body-length from 5 to 55 em, inclusive, and to cal- 
culate absolute and percentage increments of the values between 
these points. The determination of the absolute increment is only 
a matter of subtracting the value at the beginning of a 5 cm interval 
from its value at the end of the interval, or, even more simply, in 
the instance of the straight line formulae, of multiplying the first 
constant by 50. In these cases the increment is, of course, constant 
for the entire series of intervals. The percentage increment was deter- 
mined in the usual manner by subtracting the value at the be- 
ginning of the interval from the value at the end of the interval, 
dividing the remainder by the value at the beginning of the interval, 
and multiplying the quotient by 100. In other words: 


Vee 


Percentage increment =— x 100. 


r 


1 
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It should be understood that the percentage increment is used in 
this study only as another method of measuring the quantity of 
growth in a given interval or period. Its use as a measure of relative 
rate of growth involves several fallacies. These are pointed out by 
Thompson (717, p. 72 et seq.) and in the various papers forming a 
discussion on the subject by Briggs, Kidd and West (’20, ’21), 
Blackman (719), and Fisher (’21), and are well summarized in a 
recent monograph by Brody (27). 

The calculated values at the 5 cm points and their absolute and 
percentage increments are given in columns 10, 11, and 12 of the 
tables of findings of each dimension. 


6. Computation of the Growth of the External Dimensions of the Body 
with Respect to Age in the Fetal Period 


All of the preceding calculations are based upon the relations of 
one external dimension of the body to another, and, in particular, 
all dimensions have been reduced to expressions as functions of the 
total or crown-heel length. It is also very desirable to follow the 
changes in these dimensions in relation to time, but this cannot be 
done directly with our material since few of our specimens were ac- 
companied with clinical histories from which the age could be esti- 
mated with any accuracy. It is possible, however, to develop a con- 
vention for expressing the relation of body-length to age in the fetal 
period based upon the best available data on this subject, and from 
this to calculate the course of growth of the other external dimensions 
in relation to time. A convention of this kind will only approximate 
the truth and may be modified as a result of further studies of this 
subject, but such an adjustment can be easily made since both 
time and the various external bodily dimensions are expressed as 
functions of a single variable—the total or crown-heel length. 

In the last sixty years a large number of studies on the relation 
of the body-length to age in the fetal period have appeared in the 
literature of embryology and obstetrics. The results are generally 
summarized in tabular form, although many have been presented 
graphically and a number of formulae have been developed for 
their expression. 

Since none of the published expressions fully meet our require- 
ments, it seemed best to develop a new formula based on the data 
now available in the literature. The following conditions were laid 
down as desiderata for a practicable formula of this kind: first, it 
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must represent the age in months as a function of the body-length 
in centimeters; second, it must give values that correspond closely 
to the observed values obtained by the best studies on this subject; 
third, it must hold good for at least the entire fetal period (three 
lunar months to birth); and, fourth, it should be preferably of a 
simple type, which will permit its use without the necessity of re- 
course to tables of special functions and the like. 

To obtain this formula, 18 of the more complete sets of data on 
body-length and prenatal age, as recorded in the literature, were 
first laid out on the same graph, time being used as the Y axis and 
body-length as the X axis. These curves were then carefully com- 
pared and it was found that they might be arranged in three main 
groups. The first group included.8 curves, based mainly on early 
observations. They were quite irregular, exhibiting marked sinuo- 
sities and changes in slope, but otherwise showing little agreement 
with one another. The second group included 6 curves that in most 
instances represented only the linear growth changes of the latter 
part of the fetal period. Most of these represented modern work on 
living material and were in quite close agreement. The third group 
included 4 curves representing the observations of Mall (10), Zange- 
meister (’11), Heuser (’12), Lacassagne (’09), and Streeter (’20).* 
These 4 curves, as a group, cover the greater part of the prenatal 
period, and are remarkably consistent both in their individual 
courses and in relation to one another. They are the results of inde- 
pendent study by different investigators using modern methods and 
are based upon carefully selected material. We have therefore re- 
garded them as probably representing more accurately the linear 
growth of the fetus in respect to time than do the two other groups 
described above. When this last group of curves was examined in 
detail, it was found that Mall’s curve was the median one in the 
majority of instances and this, together with the fact that it repre- 
sented by far the largest group of cases, led us to select it as the 
basis for our empirical formula. 

The curve chosen for a working representation of Mall’s data is 
a parabola having the general form: 

T =a+bL+cL?, 
* The values employed in drawing the curve used to represent Streeter’s data 


were obtained from his crown-rump lengths by substitution in the empirical 


f la: po 
Sauer CR=0.66 CH+0.5 cm or CH= CE—0.5 ¢ 
0.66 


GENERAL PLAN OF INVESTIGATION 49 


where T is the age in fetal or lunar months of gestation, L is the total 

or crown-heel length of the body in centimeters, and a, b, and ¢ are 

empirically determined constants. The specific formula adopted is: 
Pris WES a kg 


— 


T=2.3+ : 
28 784 


This may be simplified to: 
1G 2 
T= | 25 Onis 
(sgth25) + 


Mall’s figures were obtained by arithmetic interpolation from his 
tabulation of his data. The sum of the age deviations for ten 5 cm 
intervals of body-length from 5 to 50 em, inclusive, is 0.38 fetal 
months, and the average deviation is 0.038 months, or very slightly 
more than one day. This average deviation is probably well within 
the average error of estimation of the age of the fetus from even the 
best type of clinical history. The sum of the percentage deviations 
for the same series is 7.84, and the average deviation 0.78 per cent. 
The sum of the deviations of the computed from the observed body- 
lengths, for three to ten months, inclusive, is 1.21 em, and the aver- 
age deviation is 0.15 em. This again is probably within the average 
error of the physical observation, at least for the larger specimens. 
The sum of the percentage deviations is 3.85 and the average is 0.48 
per cent. 

The segment of greatest departure of the observed and calculated 
curves is between 5 and 15 cm body-length when the observed 
curve rises distinctly above the calculated one. This rise is not found 
in the other curves of the group that includes Mall’s curve. The for- 
mula may be used for specimens between 4 and 55 cm in total body- 
length. 

The relations of Mall’s observed values for mean menstrual ages 
to the computed values obtained by our formulae are shown in 
table 9 and figure 12. 


7. Computation of the Relative Values of the External Dimensions of 
the Body on the Basis of the Total or Crown-Heel Body-Length 
The relative sizes of the several external bodily dimensions at 
different stages in the fetal period were first expressed as per cents 
of the total or crown-heel length. These computations were made 
from the calculated values obtained from the empirical formulae with 
the constants determined by graphic methods. The ratios were 
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TABLE 9 


Crown-heel Body-length and Age in the Fetal Period 


Z | Menstrual age as determined 
Taraltor Mean menstrual age by the empirical formula: 
crown - heel as given by Mall -(% + 1.25)*+074 
body-length (1910) Deviation of calcu- 
as ae oy Fae tales lated from Mall's 
ia vee? | ylofserved values 
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A2.5 234 8.36 
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FIGURE 12 


Tue RELATION BETWEEN THE ToTaL (CRowN-HEEL) 
Bopy-LENGTH AND AGE IN THE FETAL PERIOD 


® Observations of Mali (1910) 
— Curve drawn fo the 
formula: 


-(E ‘ 
T= (z3 + 1.25) + 0.14 


Abscissa: Menstrual age in lunar months of 28 days. Ordinate: Total or 
crown-heel body-length in cm. The dots represent the mean values given by 


Mall (10). The curve is drawn to the empirical formula of Seammon and Calkins 
(723). 
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calculated for each dimension at each 5 cm of crown-heel length 
from 5 to 50 em, inclusive. Similar ratios were also determined for 
the calculated body-lengths at each lunar month of the fetal period. 
These tabulations are given in the résumés of Parts HI to VIII, 
inclusive, of this monograph, and are discussed and presented in 
graphic form in these sections. 


8. Computation of Analytic Indices for Various External 
Bodily Dimensions in the Fetal Period 


Several students of the anthropometry of the human fetus have 
expressed their results in the form of indices. In such indices a given 
dimension is expressed as a ratio or per cent of another given dimen- 
sion. We think that in the present instance the analytic method, 
with the use of the crown-heel length as a base, is preferable for the 
study of relative size. Therefore a series of these indices based upon 
the calculated values of the dimensions involved at various body- 
lengths and estimated ages have been computed. These indices do not 
represent the averages of observed individual ratios but the trends 
of the various progressions expressed as ratios. While these analytic 
ratios are not equivalent to the indices based upon individual ratios, 
they are of the same order of magnitude. We think that the results 
of the analytic method are more precise because they are computed 
from central tendencies determined from all of the observations in 
the entire range of the progressions involved, and because they avoid 
the added spurious effects that are associated with the variability 
of individual ratios when they are treated en masse. 

Some 120 of these indices have been computed, using the cal- 
culated values for the various dimensions as given by our empirical 
formulae with the constants determined by graphic methods, by the 
method of averages, and by the method of least squares. These 
indices were computed for the values at 5, 25, and 50 em crown-heel 
lengths, and also for the values at three, six, and ten months, with 
age estimated from body-length by the empirical formula of Scam- 
mon and Calkins (23). The indices computed from the various 
types of empirical formulae were, in general, so similar that only 
those obtained by the formulae with graphically determined con- 
stants are published in this study, except for a few special cases. 
The résumés of Parts III to VIII of this monograph contain a dis- 
cussion of them. ) 
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9. Calculation of Values as Percentages of the Sizes at 
Birth and at 50 cm of Crown-Heel Length 

The methods just outlined deal mainly with the determination of 
relative values for external bodily dimensions at given body-lengths 
and calculated ages. It is desirable, however, to introduce one more 
form of scale for the comparison of the growth of the various dimen- 
sions with one another. For this purpose it is necessary to reduce all 
dimensions to a common standard, and we have therefore con- 
sidered the value of each dimension at 50 em of crown-heel length 
as 100 or unity and have computed the calculated values at each 
5 cm interval of body-length below 50 cm as per cents of this 
standard. This allows a direct comparison of the growth of the 
dimensions of very different magnitudes. To make a similar com- 
parison in relation to time in fetal months, we have considered the 
value of each dimension in the newborn as 100 and have computed 
the calculated values at the end of each fetal month, from the third 
to the ninth month, inclusive, as percentages of this standard. 
These figures were arranged in tables, which are included in the 

résumés of Parts III to VIII, inclusive, of this monograph. 


10. Construction of Histograms Illustrating the Absolute and Relative 
Changes in the External Body-Form in the Fetal Period 


To summate our findings in more graphic form we have constructed 
a series of figures illustrating anterior views of fetuses, one for 
each 5 cm step of total or crown-heel body-length from 5 to 50 cm, 
inclusive. To make these a set of form-figures was first drawn up 
in multiple, and the dimensions, as determined by formulae, were 
indicated upon them. Well-preserved specimens that approximated 
the desired body-lengths were then selected from the collection, and 
these, together with the forms, were turned over to the artist who 
prepared the drawings, taking care to bring all measured dimensions 
to the values indicated on the forms. These drawings, reduced to 
one-fourth the original and natural size, are shown in figure 70. A 
second set of figures to show the changes in the relative proportions 
were prepared in the same way, except that they were drawn to a 
single standard body-length. These are shown in figure 72. Similar 
sets of drawings were made to represent the relative and absolute 
proportions at the end of each fetal month from the third fetal 
month to birth, inclusive. These are reproduced in figures 71 and 
73. 
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11. Graphic and Tabular Comparisons of the Present Findings with 
Those of Other Investigators in This Field 


As pointed out in a preceding section, there are numerous data in 
the literature on the growth of certain external body dimensions in 
the fetal period. In order to compare our results with those of other 
investigators, we have summarized their findings by computing their 
average values in 5 em intervals of crown-heel length in the same 
fashion as our own. We have also computed the average crown-heel 
lengths in the 5 em intervals to allow comparison with our material. 
These results are given in tabular form in tables 168 to 180, in- 
clusive, Part XIII of this monograph. When possible, we have also 
made graphic comparisons by plotting point-to-point curves of each 
investigator’s data, including on the same graphs our curve as ob- 
tained by the empirical formula with graphically determined con- 
stants. We obtained sufficient data on fetal growth from the literature 
to make tabular comparisons of 41 of the 70 dimensions measured. 
There were enough published data on 30 dimensions to warrant the 
construction of graphs comparing the results of other authors with 
our findings. 

Tables were also made of various observers’ figures for different 
dimensions in the newborn in comparison with the computed natal 
values as estimated by our empirical formulae with graphically 
determined constants. These included 34 of the 70 dimensions, and 
are given in the summaries of findings. 


IV. Scheme Employed in the Presentation of the 
Summaries of Findings 


Parts III to VIII, inclusive, of this monograph, consist of sum- 
maries of our findings regarding the fetal growth of various regions 
of the body and contain much of the foregoing material. The same 
general plan has been followed in all of these sections. Each sum- 
mary consists first of an introductory note on the number and nature 
of the dimensions studied. Each dimension of the region is then 
considered separately in a digest made up of a brief description of 
the dimension, an estimate of the artifacts affecting it, a table of 
observed and computed values for 5 em intervals of crown-heel 
length, and a statement of several measures of the average absolute 
and relative deviations of the calculated values from the correspond- 
Ing observed means for the 5 cm intervals of crown-heel length 
included in the progression. The last statement is limited to the devia- 
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tions computed without regard to sign. The root mean square devia- 
tions and the deviations summed with regard to sign are given in 
general tables in Part XII. A statement of the previous published 
work on each dimension forms a part of each digest. Statements 
regarding the studies of previous authors on fetal material are given 
only when their data are classified according to crown-heel length and 
are therefore comparable with our own. A list of the natal values for 
each dimension as determined by other authors and as computed in 
our study is included in each digest. Each summary is concluded 
by a résumé with graphs, tables, and discussions of the growth of 
the dimensions of the region with respect to body-length and to time, 
computations of relative growth, calculated indices, and similar 
material. 


PAR ed 


A SUMMARY OF PREVIOUS STUDIES OF EXTERNAL 
DIMENSIONS OF THE FETUS AND NEWBORN 


I. Introductory Note 


Quantitative data on early human growth are of interest in a 
number of widely separated fields of the medical and allied sciences, 
and consequently the subject has been investigated independently 
from several points of view. On this basis, we may group the pub- 
lished studies into four general classes, viz., those associated with 
legal medicine, with obstetrics and pediatrics, with artistic ana- 
tomy, and with embryology, developmental anatomy, and physical 
anthropology. In consequence of these differences in viewpoint, we 
find that the methods of investigation vary considerably with dif- 
ferent observers and that the publications on the subject are scattered 
through many widely separated sections of medical and biological 
literature. Many have appeared as theses or brochures, or are con- 
tained in hospital reports and the rather inaccessible transactions of 
special societies and academies. 

Although occasional records of the dimensions of the fetus and 
newborn are found in some of the medical literature of the latter 
part of the eighteenth century, the first systematic studies on the 
subject began a number of years later. These studies were pursued 
in artistic anatomy, legal medicine, and obstetrics at about the same 
time. The first systematic account of the external dimensions of the 
newborn infant seems to be that of Schadow, whose Polyclet in- 
cluded a very complete canon for the proportions of the child at 
birth. Later studies in this phase of artistic anatomy were published 
by Carus (54), Zeising (’54), and Liharzik (’58). 

The extensive work of Quetelet on the postnatal growth of the 
body, which includes a very elaborate set of measurements of the 
dimensions of the newborn, was begun in the first half of the nine- 
teenth century, although his complete tables were not published 
until much later. 

Measurements of the horizontal circumference and the perimeter 
of the head in a series of 120 newborn children were made as early 
as 1786 by Joseph Clarke, of London, and a number of averages and 
ranges of the various obstetrical diameters and circumferences at 
birth were published early in the nineteenth century. The subject 
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was re-examined in a much more thorough manner between 1860 
and 1880 by a number of obstetricians, among whom may be men- 
tioned Grillenzoni (’68), Spiegelberg (’68), Calderini (’75), Sutugin 
(75), Budin and Ribemont (’76), Depaul (’79), and Mandelstam 
(80). A number of investigations dealing with special phases of this 
problem have been made since this time. Therefore our knowledge 
of the growth and proportions of the head in the latter part of pre- 
natal life is more complete than that of most phases of fetal develop- 
ment. 

The study of the fetal growth proper, as distinct from the dimen- 
sions of the newborn, practically began in the late seventies with 
Burtscher’s (77) investigation of the prenatal growth of the ex- 
tremities, Jousset’s observations on the growth of the diameters of 
the head, which were published in the same year, and the appearance 
of Hennig’s graphs in 1879. Little more was added until the pub- 
lication of the dissertation of Faucon in 1897. Important contri- 
butions were made a little later by Corrado (’99), Legou (’03), and 
Retzius (04). The work of Retzius has become deservedly a classic 
in this field. That of Corrado is almost unknown, for it was published 
in the transactions of a rather obscure local society. It is an exten- 
sive and excellent monograph, which deserves far greater recognition. 
Later important studies have been made by Michaelis (’06), Heuser 
(12), Friedenthal (14), and Streeter (20). The most recent exten- 
sive work in this field is that of Reicher (23, ’25) and of Schultz 
(22, ’23, 26). The detailed studies of the latter investigator have not 
as yet been published in full. 

Besides these more general studies there have been a number of 
investigations dealing with the prenatal growth or natal proportions 
of certain small regions or of individual dimensions. Among these 
are the researches of Rodes (’06) on the thoracic index, Klein (796), 
Konikow (94), Tatewossoff (99), and LeDamany (710) on the di- 
mensions of the pelvis, Génner (’84) on the foot, Lodoli (87) on the 
hand, and Schultz (20) on the external nose. 

In the following summary we have drawn up a series of short 
digests of the main quantitative studies of external dimensions of 
the body in the fetal period and at birth that are available to us. 
These include statements of the number of cases, measurements 
taken, nature of the records published, and similar data. More de- 
tailed accounts of the individual dimensions are given in connection 
with the latter part of this publication. The majority of these studies 
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deal primarily with the external dimensions of the newborn. Those 
that are concerned primarily with fetal growth, or that include 
large amounts of data on this phase of the subject, are indicated in 
our list by asterisks. We have not included in this summary the 
general statements of fetal and newborn dimensions that are found in 
texts of obstetrics and pediatrics, but some of these are given in 
connection with the summaries of findings. 


II. Abstracts of Previous Studies 


Ahlfeld (71). Total body-lengths and bi-temporal and bi-parietal diameters 
of the heads of 290 fullterm and premature, living children, ranging from 41 to 
56 em in crown-heel length. Data averaged for 5 cm intervals of total (crown-heel) 
body-length. Sex not indicated. Material from the obstetric polyclinic of Leipzig. 

*Akiba (24). Data on the total (crown-heel) body-length, sitting-height, 
orbito-occipital distance (‘von Auge bis zum zwischen dem Occipitale und dem 
Atlas”) and the lengths of the upper extremity, lower extremity, arm, forearm, 
thigh, and leg in prenatal life and at birth. The investigation is based upon 
measurements of 160 Japanese and 34 European fetuses ranging in age from the 
second fetal or lunar month to birth and from (approximately) 4 to 54 cm in 
crown-heel length. No individual case records are given, but the description 
of each dimension is accompanied by a field graph showing the relation of the 
measurement to the crown-heel length. Empirical formulae are given for the rela- 
tions of the various dimensions to the crown-heel length in the fetal period and 
the curves of these formulae are shown on the field graphs. Material not sexed, 
but both series of specimens include equal numbers of males and females. The 
Japanese specimens were obtained from the district of Niigata. The exact source 
of the European material is not stated. . 

Arey (’23, ’25). Discussion of the relation of crown-heel and crown-rump 
lengths to age in the fetal period with incidental consideration of the relation 
between these dimensions. 

Arnovljevié (’84). Measurements of the total body-length and the horizontal 
head circumference of 18 fresh specimens ranging from 12 to 54 cm in crown-heel 
length. Detailed description of each specimen given. Data summarized on the 
basis of age in lunar months. Material from Munich. 

Belot (13). Total body-lengths and horizontal chest circumferences of a series 
of living, fullterm, newborn children. The averages of these dimensions are given 
for birth and for each succeeding day to the eleventh thereafter. Separate 
averages given for males and females. Individual case records not published. 
Material from Paris. 

Bondyreff (02). Total body-lengths, occipito-frontal and bi-mastoid di- 
ameters, and horizontal head circumferences of 50 living, newborn children. 
Averages for each sex given in summary. Material from St. Petersburg. (Quoted 
from Gundobin ’12.) 

Bonnifay (97). Data on the total body-length, horizontal head circumfer- 
ence, auriculo-vertex-auricular circumference, suboccipito-vertex-nasion cir- 
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cumference, bi-parietal diameter, and occipito-frontal diameter of infants of the 
first two weeks of postnatal life. In the available summary averages only are given, 
and there are no records of sex differences or of number of cases. Material from 
Lyon. (From the summary of Buschan-Stettin, Centralbl. f. Anthropol., Ethnol. 
u. Urges., 1898, 3: 206-208.) 

Brandt (’86). Total body-lengths and horizontal chest circumferences of 16 
fresh specimens ranging from 13 to 54 cm in crown-heel length. Detailed descrip- 
tion, including notation of sex, given of each specimen. Material from Munich. 

Breslau (’62). Data on the horizontal head circumference obtained from the 
measurement of 576 premature and fullterm, living, newborn children ranging 
from 4 to 9.5 “‘eidgenossischen Pfunden”’ in body-weight. Average circumferences 
given separately for males and for females, for each half-pound range of body- 
weight. No individual case records published. Material from Zurich. ’ 

Budin and Ribemont (79). Data on the total body-length, the occipito- 
mental, occipito-frontal, suboccipito-bregmatic, bi-parietal, bi-temporal, and bi- 
mastoid diameters, and the suboccipito-mental and suboccipito-bregmatic 
circumferences of 211 living, newborn children ranging from 41 to 56 cm in crown- 
heel length. Individual records published in detail, including notations of sex of 
infant, estimated duration of pregnancy, parity, and age of mother. Material 
from Paris. 

*Burtscher (’77). Measurements of the total body-length and the lengths of 
the upper extremity, lower extremity, arm, forearm, hand, thigh, leg, and foot of 
17 fresh specimens ranging from 6.6 to 40.5 em in crown-heel length. Individual 
cases recorded in detail, including notation of sex. Source of material not indi- 
cated in the original paper. 

Cadre (’10). Total body-lengths and bi-parietal and occipito-mental diame- 
ters of 42 living, newborn children. Individual case records, including notation 
of sex, published. Material from Paris. 

Calderini (75). Total body-lengths, bi-parietal and bi-temporal diameters, 
and horizontal chest circumferences at the level of the nipples of 835 living, full- 
term infants and prematures born in the last three months of pregnancy. Ma- 
terial sexed and records given in some detail. The study includes histograms il- 
lustrating the variability of the measurements. Material from the Obstetrical 
Institute of Parma. 

Calkins (21). A preliminary summary of the material presented in the fol- 
lowing paper and in the present publication. A general statement of the charac- 
ter of growth of the external dimensions of the body in relation to the total body- 
length in the fetal period and the general type of mathematical expression there- 
of. No numerical data published. 

*Calkins (’22). Data on the total body-length, sitting-height, occipito-frontal, 
bi-parietal, suboccipito-bregmatic, suboccipito-frontal, and occipito-mental dia- 
meters and occipito-frontal, suboccipito-bregmatic, suboccipito-frontal, occipito- 
mental, and “large” head circumferences in the fetal period and at birth. Fixed 
specimens ranging from 23 to 544 mm in crown-heel length were studied. From 
369 to 343 measurements were made of each dimension. Empirical formulae are 
given for the various dimensions in relation to total body-length. The tables in- 
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clude the average maximum and minimum observed values for each 5 cm interval 
of crown-heel length from 5 to 55 em, inclusive, as well as the calculated values 
for these intervals and the average absolute and percentage differences between 
the observed and calculated values. There is included a field graph of each di- 
mension showing the distribution of the individual observations and the curve of 
central tendency, as determined by the empirical formula. No individual case 
records of this series are given. Sex not given in the tables but indicated by spe- 
cial symbols on the field graphs. 

A second series of observations gives the crown-heel lengths and head diame- 
ters and circumferences of 33 newborn, living infants delivered by Caesarean sec- 
tion. Individual case records, including notation of sex, are given for this series. 
Material from Minneapolis. The data given in this paper are included in the 
present study. 

Calkins and Scammon (’25). Empirical formulae, computed by graphic meth- 
ods, by the method of averages, and by the method of least squares, for the rela- 
tions of 33 major external dimensions of the body to the crown-heel length, in the 
fetal period. This material is included in the present publication. 

Carus (’54). Values for a series of 28 external dimensions of the newborn 
infant given in terms of moduli (modulus at birth being equal to one-third the 
length of the free vertebral column, or 6 mm). A figure, in profile, of a newborn 
drawn to these dimensions is included. The source of the observations and the 
number of individuals measured are not stated in the original text. 

Caspar (’54). Measurements of 247 fullterm, newborn children (living and 
stillborn) and of 94 fetuses. The dimensions measured include total body- 
length, bi-acromial diameter, antero-posterior and transverse diameters of the 
thorax, breadth at hips, and antero-posterior, transverse, and diagonal diameters 
of the head. These figures are not complete for all cases. Individual cases pub- 
lished in detail, including notation of sex. Measurements recorded in Rhenish 
lines and inches. 

Clarke (1786). Body-weights and horizontal head circumferences and auri- 
culo-vertex-auricular circumferences of 40 living, newborn children. Individual 
measurements not published. Separate averages given for males and for females. 
Material from Dublin. 

*Corrado (’99). Extensive data on the total body-length, length of the foot, 
length of the hand, lengths of the upper and lower extremities, spread of the arms, 
horizontal (occipito-frontal) head circumference and occipito-frontal, occipito- 
mental, and bi-parietal diameters of the head as determined for a series of speci- 
mens ranging from 10.3 to 62.5 cm in crown-heel length. The fresh bodies of 
250 specimens were used in the study, but all measurements were not made on 
all specimens. Individual records published in detail, including sex and many 
subsidiary data. Data summarized according to crown-heel length or body- 
weight. Material from Naples. 

Daffner (’02). Data on the total body-length, horizontal head circumference, 
distance from vertex to nasion (?), breadth of face (bi-malar diameter ?), dis- 
tance from nose to chin (?), width of mouth, nose length, nose breadth, length of 
ear, breadth of ear, neck circumference, transverse and antero-posterior di- 


SUMMARY OF PREVIOUS STUDIES 61 


ameters of the chest at the nipples, horizontal chest circumference at the nipples, 
distance between the nipples, distance from vertex to umbilicus, distance from 
umbilicus to sole, hand length, hand breadth, circumference of wrist, and length 
of the middle finger at birth. Average, and, in most instances, maximum and 
minimum values recorded. No individual case records published. The material 
is scattered through the publication, and it is impossible to ascertain in every 
instance the number of cases studied, but evidently 72 measurements were made 
for most of the minor dimensions and 130 for a number of the major ones. Appar- 
ently living children were measured. We have found no specific statement as to 
the source of the material, but the context suggests that the cases were from 
Munich. 

Depaul (79). Total body-lengths, occipito-frontal, occipito-mental, bi- 
parietal, and suboccipito-bregmatic diameters of 100 living, newborn children. 
Individual records published. Material sexed. Cases from Paris? 

Fasbender (’78). Observations on the total body-length, bi-parietal, antero- 
posterior, and oblique diameters of the head, horizontal head circumference, 
antero-posterior diameter of the chest, horizontal chest circumference, inter- 
cristal diameter, interspinous diameter and external conjugate diameter of the 
pelvis, and the distance between the posterior superior iliac spines. The averages 
given for all of these dimensions, except those of the chest, are based upon 630 
observations in all instances. The averages for the chest dimensions are appar- 
ently based upon 83 measurements. Subaverages are given for the material 
arranged according to sex, parity, and according to the age of the mother. The 
head dimensions are also averaged according to the size of the maternal head. 
No individual case records are published. Material from the Gebar-Abtheilung 
des Charité-Krankenhauses, Berlin. 

*Faucon (’97). Records of the total body-length, occipito-frontal, occipito- 
mental, suboccipito-frontal, bi-parietal, and bi-temporal diameters of the head, 
occipito-frontal, suboccipito-frontal, and suboccipito-bregmatic circumferences 
of the head, and distance from sole to umbilicus and from crown to umbilicus of 41 
fresh specimens ranging from 4.6 to 43 em in crown-heel length. Individual 
records published including sex and estimated age. Material from Paris. 

Fehling (75). Records of the total body-length and occipito-frontal head 
circumference of 252 premature and fullterm, newborn children taken in con- 
nection with a study of the dimensions of the frontal fontanelle. Most of these 
observations are made on living, fullterm infants but measurements of 48 pre- 
matures are included, and the majority of these were stillborn. Individual records 
published in detail, sex and parity included. There is also a table summarizing 
the relation between occipito-frontal circumference and crown-heel length in 
older fetuses and the newborn. Data from the Obstetric Clinic of Leipzig. 

Frankenhauser (’59). Transverse and sagittal diameters of the head as de- 
termined from measurements of 1,702 living, newborn infants. Separate averages 
are given for males and females. There is also a short table showing the relation 
of these dimensions in the infant to the size of the mother. A separate set of 
averages is also given for a series of 116 children delivered with forceps. No 
individual case records published. Data from Jena. 
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*Fridolin (’81). Measurements of the total body-length and the lengths of 
the upper extremity, lower extremity, arm, forearm, hand, thigh, leg, and foot. 
The material consisted of fullterm and premature infants dying in the first year 
of postnatal life. There were 33 cases in which death occurred within one week 
after birth, and which approximate the newborn. Individual case records, in- 
cluding sex, given in detail. Data summarized on the basis of the total body- 
length. Hospital material, but the exact source not clear from the context. 

*Friedenthal (14). Measurements of the total body-length, occipito-frontal 
diameter, bi-auricular diameter, vertical-auriculo-vertex distance, auriculo- 
mental distance, nasion-menton distance, distance from sternal notch to pubis, 
distance from menton to sternal notch, bi-acromial diameter, sterno-vertebral 
diameter at the level of the superior aperture of the thorax, antero-posterior 
diameter of the pelvis, intertrochanteric diameter, length of upper extremity, 
lengths of lower extremity, thigh, leg, foot, arm, forearm, and hand, and height 
of foot in the fetal period. Ten specimens, ranging from 50.82 to 500.5 mm in 
crown-heel length studied. One of these was a negro specimen, the remainder 
European. Individual case records published in detail, but sex not noted. Source 
of European material not stated. 

Gonner (’84). Length of the foot as determined from a series of premature and 
fullterm, living, newborn infants. Material given by ranges in summarized form 
only, and number of cases not stated. Cases classified according to body-weight 
and sex. No body-lengths given. Material from Basel? 

Grillenzoni (’68). Bi-parietal, mento-bregmatic, mento-frontal, cervico- 
bregmatic, and cervico-frontal diameters of the head, as determined from measure- 
ments of a large series of living, newborn children. A total of 555 individuals was 
studied, but the number of measurements taken of each dimension varies greatly. 
Data given in a summary that includes the number of observations for each 
dimension and the average values for males and females. Material from Milan? 

Hamy (’80). Measurements of the height of the head and height of the nose 
as determined from a study of 10 fetuses. Individual figures given. Sex and body- 
length not noted. . 

Hasselwander (’03). Measurements of the total body-length, horizontal 
head (occipito-frontal) circumference, and foot length taken in connection with 
a study of the ossification of the skeleton of the foot. Ninety-two specimens, 
ranging from 14.5 to 59 cm in ¢rown-heel length. Individual case records pub- 
lished, but in many instances certain of the measurements are missing. Sex not 
indicated. Material from Munich. 

Hecker (’62). Data on the horizontal head circumference and the bi-parietal, 
occipito-frontal, and occipito-mental diameters of the head at birth. The avail- 
able reviews of this investigation (Schréder ’68 and Hoth ’68) give average figures 
for males and females but no further particulars. Material from Munich. 

*Heuser (712). Curves and average figures of the growth of the total body- 
length, occipito-frontal diameter, occipito-frontal circumference, head height, 
circumference of the chest at the level of the nipples, distance from umbilicus to 
rump, length of the lower extremity, and length of the foot in prenatal life. 
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Measurements made of 61 specimens, ranging from thirteen to forty-one weeks 
in estimated age. Averages given for each week of estimated age. Individual 
records limited to 8 of the younger specimens. Material not sexed. Specimens 
from the Marburg Frauenklinik. 

Hoth (768). Measurements of the bi-temporal, bi-parietal, occipito-frontal, 
and occipito-mental head diameters of 500 living, newborn children. In the 
only review of this study available to us there are given averages for these dimen- 
sions for each sex and for firstborn and later children. The maximum values of 
the series are also noted. Material from Marburg. 

Kakuschkin (’12). Distance from crown to umbilicus and from umbilicus 
to sole as determined from measurements of 2,519 premature and fullterm, new- 
born children, ranging from 890 to 5,200 gm in body-weight. Cases averaged 
according to body-weight, sex, and mode of presentation at birth. No individual 
case records published. Material from St. Petersburg. 

Kjélseth (13). Total body-lengths and occipito-frontal, occipito-mental, 
bi-parietai, bi-temporal, and suboccipito-bregmatic diameters of the head and 
horizontal (occipito-frontal) head circumferences of a series of 534 living, new- 
born infants (premature, fullterm, and postmature). Average values given for 
all dimensions, and maximum and minimum values included for the horizontal 
head circumference. Subaverages given for cases arranged according to fetal 
age, parity, and age of mother. No individual case records published. Material 
from Christiania. 

Klein (96). Measurements of the intercristal, interspinous, intertrochanteric, 
and external conjugate diameters of 11 female and 6 male, living, newborn 
children. Individual measurements recorded but no body-lengths given. Material 
from Strasbourg. 

Konikow (’94). Measurements of the intercristal, interspinous, intertro- 
chanteric, and external conjugate diameters of 6 selected, newborn children. 
Individual records given. Material sexed but body-lengths not recorded. Cases 
from the Gynaecologic and Obstetric Clinic of Bern. 

Korber (’84). Two series of observations on the horizontal head circumference 
and horizontal chest circumference of premature and fullterm, living infants. 
The first series consists of 4,556 observations from St. Petersburg. The figures 
are given in summary only, the absolute and percentage number of cases for 
each centimeter of head circumference from 31 to 37 cm, inclusive, being noted 
as well as the number of cases having circumferences above and below this range. 
Similar figures are given for each centimeter of chest circumference from 28 to 
35 cm, inclusive, and for the values above and below this range. The second 
series consists of 7,810 cases from Moscow. They are summarized in the same 
manner, except that the numbers of cases for each centimeter interval of chest 
circumference are given from 30 to 37 cm, inclusive. Material not sexed and no 
body-lengths given. 

Kultz (69). Average bi-temporal, bi-parietal, occipito-frontal, and occipito- 
mental diameters in newborn infants. Separate averages given for males and 
females. The only available summary of this investigation, which is given in 
connection with an abstract of Hoth’s study (vide ante), contains no further data. 
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*Lafaille (93). Measurements of the total body-length, distance from vertex 
to menton, distance from vertex to sternal notch, distance from vertex to gluteal 
folds, distance from vertex to groin, distance from sternal notch to pubis, dis- 
tance from sternal notch to umbilicus, distance from sternal notch to gluteal 
folds, distance from umbilicus to perineum, distance from clavicle to anterior 
superior iliac spine, distance from clavicle to nipple, bi-mammary (nipple to 
nipple) distance, distance from seventh cervical vertebra to perineum, bi- 
acromial diameter, bi-humeral diameter, intertrochanteric diameter, distance 
from gluteal fold to sole, distance from inguinal fold to sole, distance from 
trochanter to sole, distance from perineum to sole, distance from anterior superior 
iliac spine to sole, length of thigh, length of leg and foot, height of foot, length of 
foot, length of upper extremity, distance from apex of axilla to tip of middle 
finger, distance from apex of axilla to olecranon, distance from olecranon to tip 
of middle finger, distance from acromion to fold of elbow, distance from acro- 
mion to olecranon, distance from apex of axilla to fold of elbow, distance from 
fold of elbow to base of middle finger, distance from olecranon to styloid process 
of radius, distance from olecranon to base of hand, hand length, length of middle 
finger, circumference of neck, occipito-mental diameter, occipito-frontal diameter, 
suboccipito-bregmatic diameter, bi-parietal diameter, bi-temporal diameter, bi- 
mastoid diameter, fronto-mental diameter, trachelo-bregmatic diameter, and 
spread of upper extremities. Study based upon measurements of 152 specimens 
ranging from 17.5 to 56 cm in crown-heel length. Most of the children were 
45 em or over in crown-heel length. Living material, with the exception of a few 
of the smaller individuals. Almost all measurements were taken on each speci- 
men. Individual case records published in detail, including sex, parity, and pre- 
sentation of child, duration of pregnancy, and age of mother. Material from Paris. 

Le Damany (10). Measurements of the total body-length, antero-posterior 
and transverse diameters of the head, intercristal diameter of the pelvis, height 
of pelvis, antero-posterior diameter of the pelvis at the anterior superior iliac 
spine and length of the lower extremity in two series of living, newborn children. 
The first series includes 336 white infants, presumably from Rennes, ranging 
from 405 to 539 mm in crown-heel length. No head dimensions are given for this 
series, and the height of the pelvis is recorded for 200 cases only. The remaining 
dimensions are given for all cases. 

The second series consists of 52 newborn, Soudanese negro infants, measured 
on the third to eighth days, inclusive, and ranging from 425 to 611 mm in crown- 
heellength. The total body-lengths, head diameters, intercristal diameters, and 
extremity lengths are recorded for all these children. 

Individual case records published in detail including a notation of tribe in 
connection with the negro material. Sex indicated. The study is supplemented 
by an extensive series of measurements of the dimensions of the skeletonized 
pelvis in the fetus and newborn. 

*Legou (’03). Records of the total body-length, occipito-frontal, occipito- 
mental, suboccipito-frontal, suboccipito-bregmatic, bi-temporal, bi-parietal, and 
submento-bregmatic diameters, and the occipito-frontal, suboccipito-frontal, and 
suboccipito-bregmatic circumferences of 114 fresh specimens ranging from 19.5 
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to 36 cm in crown-heel length. Individual records published, including sex. Cases 
averaged on the basis of estimated age. Material from Paris. 

Liharzik (58). Horizontal head circumference and horizontal chest cir- 
cumference at birth as determined by measurements of 130 living, fullterm 
children between one and six days of age. Individual case records published. 
Sex noted, but no records of body-length given. One hundred cases from the 
Second Obstetric Clinic of Vienna and 30 from the Obstetric Clinic of Gratz. 


Liharzik (’58, 62). Data on the total body-length, tead circumference, chest 
circumference, distance from sole to pubis, length of head, transverse diameter 
of head, occipito-frontal (?) diameter of head, transverse and antero-posterior 
diameters of chest, length of sternum, distance from xiphoid process to umbilicus, 
distance from umbilicus to pubis, circumference of pelvis, antero-posterior (ex- 
ternal conjugate?) diameter of pelvis, transverse (intercristal?) diameter of pelvis, 
length of arm, length of forearm, length of hand, length of thigh, and length of 
leg in the newborn. Averages given for males and females separately. No in- 
dividual case records published. Number of observations not stated. Material 
from Vienna? 


Lind (76). Records of the total body-length and horizontal head circum- 
ference of 132 living, newborn, premature and fullterm children, collected in 
connection with a study of the dimensions of the frontal fontanelle. The speci- 
mens ranged from 40 to 55 cm in crown-heel length. Individual records pub- 
lished, including notation of sex. Data summarized on the basis of the body- 
length. Material from Berlin. 

Linzenmeier (’14). Total body-lengths and horizontal chest circumferences 
before and after the first inspiration. The measurements were made on 40 living, 
newborn infants ranging from 47 to 54 cm in crown-heel length. Individual case 
records given. Material not sexed. 

Lodoli (87). Total body-length and hand length as determined from measure- 
ments of 60 premature and fullterm, newborn, living children ranging from 38 
to 52.5 em in crown-heel length. Individual case records, including sex and 
parity. Material from Vienna? 


Lutz (12). Body-lengths and horizontal head circumferences of 1,000 living, 
newborn children of the twenty-ninth to forty-fifth week of pregnancy. Material 
given in summary only, including the average values for males and females for 
each week. Number of cases for each week not stated. Data from Berlin. 

*MacKeen (19). Measurements of the total body-length, sitting-height, 
sterno-pubic distance, sterno-umbilical distance, xiphi-sternal-umbilical distance, 
umbilico-pubic distance, distance from middle of inguinal ligament to costal arch 
(vertical), distance from twelfth rib to iliac crest, intercristal, interspinous, inter- 
trochanteric, and external conjugate diameters of the pelvis, distance from the 
first lumbar vertebra to the lumbosacral articulation, vertical distance of the iliac 
crest above the level of the symphysis pubis, vertical distance of the twelfth rib 
above the level of the symphysis pubis, circumference at the level of the xiphi- 
sternal junction, circumference at the level of the tenth rib, circumference at 
the level of the umbilicus, circumference at the level of the iliac crests. The 
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measurements were made on a series of 187 preserved fetuses and newborn infants 
ranging from 28 to 590 mm in total or crown-heel length. Average, maximum, 
and minimum values for each dimension given for each 5 em of crown-heel length 
to 60 cm. Separate averages for males and females given for the pelvic dimensions. 
Curves of the growth of the various dimensions in relation to the crown-heel 
length are included in the study as well as histograms illustrating the absolute 
and relative changes in dimensions. Material from Minneapolis. 


*Mall (07). Data on the total body-length, sitting-height, and length of the 
spinal column in the embryonic and fetal period. The study is based upon 
original observations and on measurements from illustrations to scale found in 
the literature. It includes measurements of 140 specimens of less than 20 mm, 
crown-rump length, 200 specimens between 20 and 100 mm, crown-rump length, 
and a large number (figure not given) of older specimens. Individual records not 
published. A table is given, which includes the median values for the length of 
the spine and the median crown-heel length for each 1 mm interval of crown- 
rump length from 2 to 20 mm, inclusive, and for each 5 mm interval of crown- 
rump length from 20 to 350 mm, inclusive. Empirical formulae are given for the 
expression of the relation between crown-rump length, spine length, and crown- 
heel length. 

*Mall (10). Data on the total body-length, the sitting-height, and the AR 
length (the distance in a straight line from the level of the foramen magnum to 
the lowest point of the breech) in the embryonic and fetal periods. The crown- 
heel and crown-rump lengths are given for each week from three to thirty-nine, 
inclusive. These values were apparently obtained by graphic methods. The 
“probable deviation”? (which apparently corresponds to the difference between 
the first and third quartile values) is also given for the crown-heel length for each 
week. There are no tabular data on the AR length. There are included field 
graphs and curves, apparently drawn by inspection, illustrating the relation 
between crown-heel, crown-rump, and AR length. Two sets of curves, also appar- 
ently drawn by inspection, illustrate the relation between these dimensions and 
age in prenatal life. Over 2,000 cases were included in the study and of these 
fully half were from Mall’s collection. The remainder were obtained from the 
literature and by correspondence. Mall’s material included a considerable number 
of negro fetuses. 


Mandelstam (’80). Measurements of the total body-length, the occipito- 
frontal, bi-parietal, bi-temporal, occipito-mental, and suboccipito-bregmatic 
diameters, and occipito-frontal, occipito-mental, and suboccipito-bregmatic 
circumferences of 98 living, newborn infants ranging from 43 to 53 em in crown- 
heel length. Individual case records including sex of child and parity. Material 
from the Second Obstetric Clinic of Prague. 


Maurel (’06). Data on the horizontal circumference, antero-posterior and 
transverse diameters, thoracic index, and area of the thoracic section at the level 
of the xiphi-sternal junction at birth. The study is based upon measurements 
of 9 premature and fullterm, living, newborn children, ranging from 2,500 to 3,500 
gm in body-weight. Material not sexed and individual case records published. 
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Averages given for cases arranged in groups according to 500 gm intervals of 
body-weight. Material from Paris. 

Meeh (794). Measurements on the cadaver of a single fullterm, male, newborn 
infant. The measurements taken were total body-length, occipito-frontal cir- 
cumference, menton-bregma (?) circumference, occipito-frontal diameter, oc- 
cipito-mental diameter, bi-mastoid diameter, bi-temporal diameter, intercristal 
diameter, interspinous diameter, intertrochanteric diameter, external conjugate 
diameter, circumference of the pelvis, length of the upper extremity, length of the 
arm, length of forearm, length of hand, wrist circumference, greatest circum- 
ference of the forearm, length of the lower extremity, length of thigh, length of 
leg, length of foot, height of foot, thigh circumference, calf circumference, cir- 
cumference of the foot (through the heel and dorsum), circumference of the 
ankle, greatest antero-posterior diameter of the thorax, greatest transverse 
diameter of the thorax, circumference of the chest, and circumference of the 
abdomen. 

Meigs (’43). Average occipito-frontal and bi-parietal diameters, horizontal 
head circumference, and “‘perpendicular or small circumference” at birth as 
determined from measurements of 150 living, fullterm, newborn infants. No 
individual case records published. No records of sex or body-length. Figures 
given in inches and lines. Material from Philadelphia. 

*Michaelis (’06). Measurements of the total body-length, sitting-height, 
trunk length, horizontal chest circumference, antero-posterior diameter of the 
thorax, bi-acromial diameter, circumference of the abdomen, lengths of the 
upper and lower extremities, occipito-frontal, occipito-mental, suboccipito- 
bregmatic, bi-temporal, and bi-parietal head diameters, and the occipito-frontal 
and horizontal head circumferences, in the fetal period. The material consisted - 
of 90 fresh fetuses of the fourth to ninth (solar?) months, inclusive. Data in the 
form of tables, which give the average, maximum, and minimum measurements 
for each month of gestation. Material not sexed. Specimens from the Konigliche 
Universitats-Frauenklinik of Leipzig. 

Nagahama (’03). Total body-lengths and circumferences of the head and 
thorax of 127 newborn, Japanese children. The available summary of this study 
gives the ranges of these dimensions only. Material sexed. (Quoted from the 
summary of Osawa, G., Jahresber. f. Anat., 1903, 3: 1008.) 

Negri (’85). Observations on the bi-parietal diameter of the head and the 
length of the foot in 35 living, newborn infants. Individual records published in 
detail including sex, body-weight, and parity of mother. No total body-lengths 
given. Material summarized for each and both sexes, by averages for each 500 
gm interval of body-weight from 2,000 to 3,500 gm, inclusive. Cases from the 
Obstetric Clinic of Novara. 

*Noback (’22). Data on the relation between crown-rump and crown-heel 
lengths in prenatal life and at birth. The study is based upon original observations 
and the data of Michaelis (’06), Weissenberg (’06), Mall (10), MacKeen (19), 
Taylor (’19), and Dunn (’21). Empirical formulae are given for the expression of 
the relation of crown-rump and crown-heel lengths, and this relation is also 
illustrated by a curve and field graph based upon the data listed above. A table 
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giving the average absolute and average percentage deviations of the observed 
values of Mall, MacKeen, and Michaelis from the corresponding calculated 
values as obtained from the empirical formulae is included in the paper. 

Pagliari (95). Total body-lengths and horizontal head circumferences of 
193 living, newborn children from Rome. Average figures (for each sex) only. 

Pfannkuch (72). Data on the total body-length, horizontal head circum- 
ference, distance from crown to umbilicus and distance from umbilicus to sole as 
determined from a study of 704 premature and fullterm, living, newborn children 
ranging from 1,500 to 4,000 gm in body-weight. Material published in summary 
only. The cases are averaged according to sex and parity for each 500 gm range 
of body-weight. Material from Marburg. 

Popiel (03). Total body-length, horizontal head circumference, occipito- 
frontal, occipito-mental, suboccipito-bregmatic, bi-parietal, and bi-temporal 
diameters of the head, bi-deltoid diameter and bi-deltoid circumference at birth 
as determined from measurements of 100 fullterm, living, newborn children. 
In the available summary there are given the average value for each measurement 
and its variability as determined by Stieda’s formula. Sex differences are not 
noted. Material from Warsaw? (Quoted from the summary of Hoyer in the 
Jabresber. f. Anat. u. Entwickl., N. F., 9, Abt. 3, p. 1010.) 

Quetelet (70). Absolute and relative values of 71 external dimensions of the 
body at birth. Of these dimensions, 21 are of the head, 16 are of the neck and 
trunk, 19 are of the extremities, and the remainder involve more than one major 
division of the body. This work is so well known that it seems unnecessary to 
list these dimensions in more detail. The measurements were taken on cadavera 
of fullterm (?), newborn children. The averages only are published for each sex. 
The context indicates that the material was from the Maternité of Brussels. 

Ranke (05). Data on the total body-length, trunk length (distance from the 
ischial tuberosities to the seventh cervical vertebra), length of the lower extrem- 
ity (crown-heel length minus crown-rump length), horizontal (occipito-frontal) 
head circumference, sagittal head circumference (glabella to occiput), transverse 
head circumference (from one linea temporalis to the other), greatest head length 
and greatest head breadth at birth. The study is based on measurements of 11 
male and 9 female, living, fullterm (?) infants. Average measurements are given 
for each sex. No individual case records published. Material from the Obstetric 
Clinic of Kiel. 

Reiche (716). Data on the total body-length, horizontal head circumference, 
and horizontal chest circumference in later fetal life and at birth. The material 
is incidental to a study of the growth of premature infants. Little tabular data 
but a considerable amount of material is presented in graphic form. Living 
material from Berlin. 

*Reicher, M. (’23). An extensive study of certain major external dimensions 
of a large series of human fetuses and newborn children. The fetal material con- 
sisted of a series of 366 specimens ranging from 41 to 438 mm in length and from 
nine to forty-two weeks in estimated age. These specimens were preserved in 
alcohol or formalin. Two hundred and twenty were from the Department of 
Embryology of the Carnegie Institute of Washington, 51 from the collection of 
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the University of Chicago, 39 from the collection of the University of Michigan, 
and 56 from the collection of the University of Minnesota. The newborn material 
consisted of 81 living, fullterm infants from the Obstetric Department of the 
Child Jesus Hospital in Warsaw, Poland. The measurements taken were crown- 
heel length, crown-rump length with the body in the natural flexed position, 
crown-heel length with the body straightened, distance from the sternal notch 
to the symphysis pubis, length of the upper extremity (as determined from the 
sum of the lengths of the arm, forearm, and hand) and length of the inferior 
extremity (as represented by the lengths of the thigh and leg, without the foot). 

Individual case records published in full, including notation of sex, but all 
measurements are not given for all specimens. Individual indices of the various 
dimensions in relation to the trunk length (distance from sternal notch to sym- 
physis pubis) included. Material summarized according to estimated age in 
weeks and months. The average, maximum, and minimum measurements are 
included in these tables, as well as the average indices and the average absolute 
and average relative monthly increments in the various dimensions. The paper 
also contains numerous graphs of indices and of absolute and relative monthly 
increments. Publication is in Polish, but with English subcaptions for the tables 
and an extensive summary in English. 

*Reicher, M. (’25). Observations of the growth of the extremities in prenatal 
life based on measurements of 533 fetuses and 97 newborn infants. Material 
sexed. The measurements include lengths of the trunk, arm, forearm, hand, thigh, 
leg, and foot, and breadths of the hand and foot. Material summarized by 
estimated age in weeks, maximal, minimal, and average values, with the number 
of cases being given for each period. The various indices of these dimensions have 
been determined for each specimen and are published in detail. The material 
is in part from the collections in American universities (see Reicher ’23, ante) 
and in part from the Institute of Anatomy and the Institute of Histology of the 
University of Warsaw and the Institute of Anatomy of Wilno. Publication is in 
Polish, but with French subscriptions for each table and an extensive summary 
in French. 

*Retzius (04). An extremely detailed study of 32 external dimensions of the 
body as determined from measurements of 48 preserved specimens ranging from 
9 to 170 mm in crown-rump length. The dimensions measured were crown-rump 
length, crown-heel length, trunk length, head length, head height, head breadth 
(bi-parietal diameter?), interauricular diameter, outer interocular distance, inner 
interocular distance, nose height, nose breadth, bi-malar diameter, maxillary 
height, face height, mouth breadth, bi-acromial diameter, intercristal diameter, 
distance from crown to umbilicus, distance from umbilicus to sole, distance from 
xiphi-sternal junction to umbilicus, distance from umbilicus to pubis, upper 
extremity length, arm length, forearm and hand length, hand length, hand 
breadth, lower extremity length, thigh length, leg length and foot height, foot 
length and foot height. The absolute and relative dimensions are listed in detail 
for each specimen and the individual records include notations of method of 
fixation and, in most cases, of sex. The study is supplemented with a series of 
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measurements of the skeletal dimensions of another series of 39 fetuses. Material, 
in part at least, from Stockholm. 

von Ritterschain (’70). Average total body-lengths, horizontal head circum- 
ferences, and horizontal chest circumferences of 11,432 premature and fullterm, 
living, newborn children. Material sexed. Cases from the Kénigliche Béhmi- 
schen Landes-Findelanstalt in Prague. 

Rodes (’06). Body-lengths and antero-posterior and transverse diameters 
of the thorax at the level of the gladiolo-xiphoid articulation, of a series of 9 
embryos, fetuses, and newborn children. The age of the specimens ranged from 
5.5 (estimated) weeks (prenatal) to 5 days (postnatal). The crown-rump lengths 
of the six smaller and the crown-heel lengths of the three larger specimens are 
given. Individual records published, but sex not stated. All material studied 
had been fixed. ‘‘The specimens are mostly of the white race.”’ 

*Roys (19). Data on the total body-length, distance from sternal notch to 
pubis, distance from suprasternal notch to xiphi-sternal junction, distance be- 
tween ninth pair of ribs, infrasternal angle, vertical distance from mid-clavicular 
point to ninth rib, vertical distance from mid-clavicular point to costal arch, 
vertical distance from mid-clavicular point to inguinal ligament, length of thoracic 
spine, sterno-vertebral angle, angle between twelfth rib and spine, antero- 
posterior diameter of thorax at superior aperture, at the axilla, at the nipples, 
and at the xiphi-sternal angle, transverse diameter of thorax at superior aperture, 
at the nipples, at the axilla, and at the xiphi-sternal junction, circumference of 
thorax at the axilla, at the nipples, and at the xiphi-sternal junction, and thoracic 
index at the xiphi-sternal junction. Sixty-one preserved specimens studied, rang- 
ing from 50 to 516 mm in crown-heel length. Not all measurements were made 
on all specimens. In particular the last 13 dimensions mentioned above were 
measured on 51 specimens only. Individual case records given in detail, including 
a notation of sex. Curves of the various dimensions plotted against the crown- 
heel length are included. Material from Minneapolis. 

Scammon and Calkins (25). A summary of a study of the relation between 
crown-heel and crown-rump lengths in the fetal period. General discussion with 
no detailed data. 

Scammon and Rucker (21). Data on the horizontal circumference and the 
antero-posterior and transverse diameters of the chest at the levels of the nipples 
and the tenth rib. Measurements made on 36 living, fullterm, newborn children 
fifteen minutes after birth and at various succeeding periods up to the twelfth 
day. Only average dimensions published. Material not sexed. Cases from the 
Minneapolis General Hospital. 

Schadow (’54). Total body-length, head breadth (bi-temporal diameter), 
antero-posterior diameter of the trunk at the level of the tenth rib, transverse 
diameter of the trunk at the level of the tenth rib, distance from pubis to sternal 
notch, intercristal diameter, lengths of upper extremity, lower extremity, arm, 
forearm, hand and foot, and foot height in the newborn. Measurements evidently 
made on living, newborn children but number of cases not stated. Figures given 
in Rhenish feet and inches. 
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Schaffer (92). Data on the total body-length,and horizontal head cireum- 
ference from the third to the tenth fetal months, inclusive. Figures given in the 
form of ranges for each fetal or lunar month. A large amount of numerical data 
on the dimensions of the skull is included. Material not sexed. Cases from 
Munich. 

Schmid-Monnard (’92). Observations on the total body-length, horizontal 
head circumference, and horizontal chest circumference of the living, newborn 
infant. Average values only given for each sex. Number of cases not stated. 
Material from Frankfurt. 

Schroder (769). Records of the total (crown-heel) body-length, the horizontal 
head circumference, and the bi-temporal, bi-parietal, occipito-frontal, and 
occipito-mental diameters of the head of 383 living, fullterm, newborn infants. 
No individual case records published. Data averaged according to sex and parity. 
Material from Erlangen. 

*Schultz (19). Measurements of the sitting-height, upper face height, nasal 
height, nasal breadth, interocular breadth, and nasal angles of 320 fetuses ranging 
from the tenth week to the tenth month, inclusive, in estimated age. Preserved 
material. Of the specimens 254 were whites, 58 American negroes, 4 Filipinos, 
3 Indians, and 1 Japanese. Average, maximum, and minimum values given for 
each week from the tenth to twentieth weeks, inclusive, for two-week intervals 
from the twentieth to the close of the twenty-fourth week and for lunar months 
thereafter to birth. Age estimated from the sitting-height according to Mall (’10). 
Material not sexed. Separate averages given for whites and negroes. Separate 
tables giving indices based upon the above measurements. 

*Schultz (22, ’23). A summarized discussion of the changes in external body- 
form in prenatal life. The paper includes a consideration of sex differences, 
variability, asymmetry, the relation between the diameters and length of the 
trunk, the position of the nipples, position of the shoulders, relative length of 
the upper extremity and its several segments, relative length of the lower ex- 
tremity and its several segments, relation between upper and lower extremity 
length, interrelations of head length, breadth, and height, growth of the face, 
changes in the eye, nose, and ear, and a number of minor points. Particular stress 
is laid on racial differences in prenatal material. No numerical data published, 
except illustrative material on the changes in relative dimensions and absolute 
increments. The paper is a preliminary report of the author’s extensive study of 
the subject, which will be later published in detail. The study is based upon 623 
selected white and negro specimens from the collection of the Carnegie Labora- 
tory of Embryology. 

*Schultz (26). A summary of a detailed study of fetal growth including the 
examination of a series of 623 human specimens, as well as a number of fetuses 
of apes and monkeys. Both white and negro fetuses are included in the fetal 
material but they are considered separately. The measurements were apparently 
made on preserved material. The measurements taken include horizontal head 
circumference, head length, head height, head breadth, total head height (vertex 
to chin), face breadth, interocular breadth, total face height, upper face height, 
nose height, nose breadth, sagittal and transverse diameters and horizontal chest 
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circumference (at the level of the fourth ribs), distance from vertex to symphysis 
pubis, anterior trunk height, symphysion-acromion height, height of the shoulder 
over the sternal notch, bi-acromical breadth, bi-trochanteric breadth, position of 
the umbilicus, position of the nipples, lengths of upper extremity, lower extremity, 
upper arm, forearm, hand, and thumb, breadth of the hand, lengths of the lower 
extremity, thigh, leg, knee to sole and foot, foot breadth, and sitting-height. 
“Stature” (crown-heel length) was obtained by the distance from vertex to pubis, 
thigh length, and knee-sole length. The author prefers the sitting-height or “‘better 
still, the anterior trunk length” as a standard dimension. No individual measure- 
ments or means are recorded. A graph shows the trend of growth of stature, 
sitting-height, length of lower limb, anterior trunk length, and head length re- 
ferred to age in weeks. The author makes use of a large series of indices in which 
all these are considered in more detail. The material is arranged with respect to 
age. There is a table of mean weekly coefficients of variation of 14 dimensions 
and another of the relative weekly increments (averaged by months) of 20 dimen- 
sions in the following sections of the present monograph. The author distrusts 
mathematical formulae for estimating fetal growth because of the high variability 
during fetal life. He bases his estimates of the ages of his specimens on Streeter’s 
curve drawn by inspection. 

Numerous observations on racial differences, differences between man and the 
primates, the fetus and the individual, as well as considerations of growth rates, 
compensating variations, asymmetries, and the like will be found in the original 
paper. 

von Skalkowski (90). Observations on the bi-temporal and bi-parietal head 
diameters of 200 living, newborn children. Individual records not published. The 
observations are averaged in groups on the bases of the corresponding maternal 
head dimensions. Material not sexed. Data from the Obstetric-Gynecologic 
Clinic of Chrobak in Vienna. 

Solares (81). Total body-lengths and occipito-frontal, occipito-mental, bi- 
parietal, and suboccipito-bregmatic diameters of 100 living, newborn children 
ranging from 40 to 57 cm in crown-heel length. Individual case records published, 
including notation of sex. Material from Paris. 

Spiegelberg (768). Data on the total body-length, the horizontal head circum- 
ference, and the bi-deltoid circumference as determined from measurements of 506 
living, newborn children. Material summarized in groups on the basis of esti- 
mated age. Cases from the Gynecologic Clinic and the Polyclinic of the Univer- 
sity of Breslau. 

Spitzy (03). Observations on the length of the foot, the foot circumference at 
the ball and at the instep, and the height of the longitudinal arch, as determined 
by measurements of 25 infants of the first year. Of these, 11 (4 prematures and 7 
presumably fullterm children) were measured in the first two weeks of postnatal 
life. Individual records published. Sex and body-weight given, but not body- 
length. Material from the University Children’s Clinic of Gratz. 

Spondli (57). Measurements of the total body-length and the bi-parietal, the 
occipito-frontal, and the occipito-mental diameters of 100 living, newborn, Zurich 
children. Individual case records, including sex, published. 
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Stratz (09). Graphic representation of the external bodily proportions based 
on average dimensions of the newborn and measurements of one fetus of 25 and 
one of 4 cm crown-heel length. A table showing the relative head height at 
various body-lengths is included. 

*Streeter (20). Data on the sitting-height, foot length, and head modulus 
(consisting of the sum of the greatest horizontal head circumference and the 
transverse bi-auricular are divided by two) in prenatal life. Seven hundred and 
four specimens were measured. Of these 493 were of the white race, 126 negro, 
26 were of other races, and 59 were not identified as to race or sex. The specimens 
ranged from 5.5 mm (flexed) to 376 mm in sitting-height. All were preserved, and 
a number of the larger ones were embalmed. Detailed individual records are 
published, which include the sex, race, grade of preservation, the estimated and, 
in many cases, the stated menstrual age, and some subsidiary data. Material 
summated according to age in weeks. Numerous field graphs and curves of the 
data are included. 

Sutugin (’75). Total body-lengths, maximum and average bi-parietal di- 
ameters, and minimum bi-malar diameters of 180 premature and fullterm, living, 
newborn children. Individual case records not published and material not sexed. 
Figures summarized by intervals of crown-heel length. Material from St. 
Petersburg. 

Tatewossoff (99). Average body-length, trunk length, and interspinous, in- 
tercristal, intertrochanteric, and external conjugate diameters of the pelvis as 
determined by measurements of 32 living, fullterm, newborn children. Material 
sexed. Cases from St. Petersburg. (Quoted from the summary of Gundobin ’12.) 

Taylor (19). Extensive data on the external bodily dimensions of 250 selected, 
fullterm, newborn children (125 of each sex). The measurements taken were 
total (crown-heel) body-length, head and neck height, distance from crown to 
umbilicus, sitting-height, upper extremity length, hand length, lower extremity 
length, foot length, intercristal diameter, intertrochanteric diameter, bi-deltoid 
diameter, horizontal chest circumference at the level of the nipples, occipito- 
frontal circumference, span of the upper extremities and trunk length. Average, 
maximum, and minimum values are given for each dimension for males and 
females. There are also included the standard deviations and coefficients of 
variability of the crown-heel length, the span of the upper extremities, the occipito- 
frontal circumference, and the chest circumference, for each sex. Coefficients of 
correlation are given for crown-heel length and span of upper extremities, crown- 
heel length, and occipito-frontal circumference and chest circumference for each 
sex. The individual case records are not given in the article as published, but these 
are on file in the Wistar Institute of Anatomy and Biology of Philadelphia. They 
include data on the length of gestation and race. Material from Minneapolis. 

Turnbull (62). Average bi-parietal and bi-mastoid diameters of the head in 
the fullterm, living, newborn infant as determined from measurements of 40 
Australian children. No individual case records given. Material not sexed. 

Van Pelt (60). Measurements of the occipito-mental, occipito-frontal, and 
bi-parietal diameters of 646 living, newborn children. Material not sexed and 
individual case records not published. Averages given for each dimension as well 
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as frequency tables showing the number of cases for each range of one-sixteenth 
of an inch in head diameter. Source of material not stated. 

Weissenberg (’06). A series of measurements of 29 children (15 males and 14 
females) dying at birth or within the first fortnight thereafter. The dimensions 
measured were the total body-length spread of the upper extremities, sitting- 
height, head and neck height, bi-acromial diameter, intercristal diameter, trunk 
length, horizontal head circumference, chest circumference at the nipples, and 
lengths of the upper and lower extremities, and of hand and foot. The results are 
given in summary including the average, maximum, and minimum values of each 
dimension for males and females. Material apparently from Berlin. 

Weissenberg (’11). Data on the external dimensions of the body in prenatal 
life and at birth. The data on fetal dimensions include the total body-length, 
spread of the upper extremities, sitting-height, head and neck height, trunk 
length, length of upper extremity, length of lower extremity, bi-acromial diameter, 
intercristal diameter of pelvis, horizontal chest circumference, and horizontal 
head circumference of 13 specimens ranging in age from two to five and one-half 
fetal months. Russian, Jewish, and Polish material. Individual case records 
published, including notation of sex. No mention is made as to whether fixed or 
fresh specimens were studied. 

The observations on the newborn are evidently those presented in Weissen- 
berg’s earlier study (’06), which is summarized above. The data are given in 
somewhat greater detail, the number of cases in various ranges of each dimension 
being included, and the height of the pelvis, as determined by subtracting the 
sitting-height and leg length from the total body-length, is added. 

Weisz (97). Determinations of the total body-length, the occipito-mental, 
suboccipito-bregmatic, occipito-frontal, bi-parietal, and bi-temporal diameters, 
and the occipito-frontal, occipito-mental, and suboccipito-bregmatic circum- 
ferences of the head of a series of fetuses of the fourth to tenth fetal months, in- 
clusive, and of newborn children. Number of cases not stated, but probably 
extensive. Presumably both fresh dead and living specimens were used in the 
study. Average measurements given according to age in fetal months. Material 
not sexed and no individual records published. Material from Budapest. 

Witzinger (’76). Horizontal head circumferences of 96 living, premature and 
fullterm, newborn infants. Individual cases reported in detail. Sex and parity 
noted. Material partially summarized on the basis of the total (crown-heel) 
length. Material from Bern. 


PART II 


SUMMARY OF FINDINGS ON THE MAJOR EXTERNAL 
DIMENSIONS OF THE BODY 


I. Introductory Note 


Under this heading are included four dimensions that involve: 
more than one major division of the body. These are: the sitting- 
height (involving head and neck, trunk, and pelvis); the spine length 
(involving parts of the neck, trunk, and pelvis); the distance from 
crown to sternal notch (involving the head and neck, and a little of 
the upper part of the trunk); and the distance from the crown to the 
umbilicus (involving the head and neck, and the cranial part of the 
trunk). These dimensions were measured as straight lines parallel 
with the longitudinal axis of the body, except for the length of the 
spine, which was measured along the dorsal curvature of the body. 


II. Consideration of Individual Dimensions* 
1. Sitting-Height (Crown-Rump Length) 
(Figure 13, Field Graph 1, Tables 10, 11, 168, and 180) 

The crown-rump length or sitting-height was measured as a straight 
line parallel with the vertical axis of the body, extending from the 
crown to the level of the soft tissues over the ischial tuberosities. In 
making this measurement the head was held in an erect position, but 
was not extended, and the thighs were flexed at right angles to the 
long axis of the trunk. A slight but firm pressure was exerted against 
the soft tissues over the ischial tuberosities in each case. The ex- 
perimental errors involved in determining this dimension have been 
discussed in detail in Part I, Section II, of this monograph. ~ 

Our experimental data indicate that there is an average increase of 
1.6 per cent in this dimension with formalin injection, but this error 
becomes steadily less with subsequent preservation, dropping to 0.5 
per cent at the end of six months. There is a small increase in the 
crown-rump length immediately after simple preservation in formalin 
without injection. Continued immersion results in a shrinkage which, 
in the case of our material, reduced the measurement in six months 
to an average of 0.4 per cent below the original figure. 


* The plan used in preparing the following summaries is described in Part I, 
Section IV (p. 54) of this monograph. 
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The results of our measurements of this dimension are shown in 
table 10 and in field graph 1. The calculated values computed from 
the several empirical formulae for this dimension show rather small 
deviations from the corresponding observed means except for the last 
three 5 em intervals of body-length (from 40 to 55 cm crown-heel 
length). The mean absolute deviations are of the order of 3 mm, and 
the root mean square deviations range from 3.7 to 4.9 mm, and the 
the relative deviations fall between 1.4 and 2 per cent. In our opinion, 
the greater part of this error is due to the fact that the larger number 


TABLE 10 


SITTING HEIGHT (CROWN Rump) 
.06 CH(mm.)+ 5.0MM. (356 cases) 


Crown Hee] Sitting Height (mm) Diflerence Calculated Values at 5cm. 
Lengih between —_[Number|intervals of Crown Heel Length 


CH Value | Per cent. 
Mean (b) Kase? es eae increment 


(mm) Observed Calculated| (a) and (b) of 
ime 

Range |Mean | Max. , Min. 'Mean@é 

1S | » | Min “ an @) : i 

GI DOMROCE 314° 29.6 |-1.6| -5.7 17 38.0 


mm. Percent. 


50-100, 754 HCO W506) 222) 25911) 29 TO 


100-150 , {24.6 . : =D tae bitsy 


| 
150-200 | 173.2 208) 
200250, 274.5 


250-300| 273.1 


34.5 


568.8 

ALBL 

| 
l4m14 


55.6 


of our specimens of the last three intervals of the distribution were 
relatively fresh material, which had been injected and were consid- 
erably enlarged by formalin artifacts. 

Considering the importance attached to this measurement by an- 
thropometrists, it is surprising that there are so few published obser- 
vations on the relation of the sitting-height to the total body-length 
in the fetal period. Aside from a few incidental observations, the data 
on the subject seem to be confined to the work of Lafaille, Mall, 
Michaelis, Retzius, and Reicher. When taken as a whole, our obser- 
vations are in very close agreement with those previously reported. 
Our findings are almost identical with those of Mall and of Reicher, 
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FIGURE 13 


THe GROWTH OF THE SiTTING-Huiaut (Crown-Rump LENGTH) IN THE 
FetTauL Period As DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: Sitting-height (mm). 
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but in the latter part of the distribution they are slightly above those 
of Retzius and of Michaelis, and distinctly below those of Lafaille. 

There are also comparatively few published observations on the 
sitting-height in the newborn. The means of the chief series are shown 
in table 11. Several empirical formulae for the relation of sitting- 
height to crown-heel length have been developed by Mall, Noback, 
and Akiba. These are considered in the first part of the general 
discussion forming Part IX of this study. 


TABLE 11 


AVERAGE S1TTiING-HerGut (CROwN-RumP LENGTH) AT BrrtTH 


AVERAGE AVERAGE 
OBSERVER BODY-LENGTH | SITTING-HEIGHT 

| (cm) (cm) 
BONG Felis BLES iawn eee ay ee ne es 8 49.3 30.0 
Bondyretie@emales) e242... a. A. se. 48.6 30.5 
Queteletwmales\ eis ee lea. ceo 50.0 34.0 
Ranker (araleg) a cei cqte ar eho ke wesc Zan 49.9 33.0 
Ranken f@nialed)e mre teh Gun 2 Gn unanteds a 48.6 32.0 
Reicher (nales etme: ri yer) Hopes ae 49.3 33.3 
Rewwhers(emales)cc we es eee to ees 49.4 33.0 
Schultz (estimated from graph)........ ee 36.0 
May lon (ual CS) Geers tee eget le ees Sule? 34.3 
Ma VOR MMe ITAleS) 5 0a op eeatad tet ake aad 50.0 33.9 
Weissenberg (males)................. 50.8 33.8 
Weissenberg (females)................ 50.0 33.3 
Present series (calculated)............ 50.2 30.0 


2. Spine Length 
(Field Graph 23, Table 12) 

This measurement was made from the dorsum of the first cervical 
vertebra, in the median line, to the tip of the coccyx. The exact 
positions of these points were determined by needles pushed through 
the superficial tissues into the cartilaginous masses. The measurement 
was not taken vertically, but along the curve of the spine. The chief 
error of determination lies in inaccuracies in locating the exact upper 
margin of the arch of the first cervical vertebra. The spine length is 
increased 4.2 per cent by formalin injection. During subsequent pre- 
servation this increase rises to 5.6 per cent at one month, but there- 
after declines to 4.3 per cent at six months. 
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Table 12 gives a summary of our findings for this dimension. The 
calculated values as determined by our empirical formulae for the 5 
em intervals or ranges of body-length, from 5 to 55 cm, inclusive, 
show mean absolute departures of the order of 2.5 to 3.5 mm, and 
the mean relative departures, as determined by the several criteria 
and methods of fitting employed, are all about 2 per cent. By far 
the largest deviations are found in the 50 to 55 cm interval of crown- 
heel length, and these are probably due mainly to artifacts. 


TABLE 12 


Spine LENGTH (TOTAL) 
.45CH (mm.)+4.0mM. (296 cases) 


Crown Heel Length of Spine mm) Difference Calculated Values at 5m 
Length belween Number! Intervals of Gown Heel Length 


ip) Observed (Calculaied_()and(b) ER eae 
7 (Mean (b) CaSe5 |Length! (US ; 
Range “i Mean | “7 . | Min. | Mean@) mm. Percent i 1 (mm) pecremen 


£3- 50 i i } : -0.5  -£5 (SND 


50-100! 7%. ; 0 |-08 | -e1 
100-150 Oe lO ald 
ee =4 = } 
150-200 On 04 | 
= 1 te 


£00-250 4 +1T 
= + 
£50-300 ; + 5.0 
ab = 


300-350 


350-400 | 369.1 
400-450 | Ag1.0 
450-500 | 474.5 
500-544 | 5246 


We found no previously published observations of this measure- 
ment of the spine in the fetus or newborn. The calculated natal value 
for this dimension at 50.2 cm crown-heel length, as determined by 
our graphic formula, is 22.9 cm. 


3. Distance from Crown to Umbilicus 
(Figure 14, Field Graph 24, Tables 13, 14, and 168) 


This measurement was defined as a vertical line parallel with the 
long axis of the body, extending from the vertex of the crown to the 
level of the middle of the area of attachment of the umbilical cord. 
The dimension was measured with the head in an erect position, but 
not extended. The measurement is increased about 2.5 per cent by 
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injection, and this artifact is retained or even a little increased with 
subsequent preservation in formalin. It is probable that the dimen- 
sion is slightly reduced by birth moulding. 


FIGURE 14 


Tue GRowTH OF THE DISTANCE FROM CROWN TO UMBILICUS IN THE 
FreraL Periop AS DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: Distance 
from crown to umbilicus (mm). 


Table 13 summarizes our findings on the growth of the dimension 
with respect to body-length in the fetal period. Considering the ex- 
perimental errors involved in making this measurement, the fits 
between the observed and calculated values for the 5 em interval 
averages are quite close. The mean absolute deviations, as computed 
with various criteria, are all less than 2mm, and the root mean 
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square deviations range between 2.2 and 2.6 mm. The mean relative 
deviations are of the order of 1.0 to 1.5 per cent. 


TABLE 13 


CROWN TO UMBILICUS (VERTICAL) 
S€CH(mm.)+5.5MM. (234 CASES) 


Crown Heel Crown to Umbilicus (mm.) Difference Calculated Values at 5cm. 
Lengih + between  |Number|Intervals of Crown Heel Length 


| 
(mm) Observed Calculated (2) and(b) | of [cH PDScont 
cases Value |; ‘ 
Mave. Min. |Mean (a), Mesn () ; eo (an) aos 


G=50 } ee | Nay . 2500 | = CONEZOO Bear 


+ 
50-100 : é . AD Da — isi eat. ; OO 


(00-150! 123. 69.6 IE 1.9 : “27 


t 
150-200 : 5 95.6 |-1.6| -1.6 


0: 23. A |-04|-0. 
200250 1236) 123 | - 0.5 | 


sli 
461! 74 | +13) +09 
173.91 1154 | 41.5 +99 


t 
196.1 | 1962 |+01 |+0.1 
| eed | 2053 
ZA3 | 255.9 | 252.1 


208 | 262.5! 776.6 


Both Faucon and Retzius have studied the growth of this dimen- 
sion in the fetal period. Their averages run somewhat above our 
calculated values throughout. This dimension has been studied in 
the newborn by several observers. These average natal values are 


given in table 14. 
TABLE 14 


AVERAGE DISTANCE FROM CROWN TO UMBILICUS AT BIRTH 


AVERAGE 
oe DISTANCE FROM 
OBSERVER BODY -UENGPEN) Cee nema nite 
(cm) 1cus (em) 
TEE eWeek 2) eer enn a ae ae 50.6 27.6 
CA SMSC ili (MALES Vetoes Roy cae are cap ae 50. 26.9 
Kakuschkin (females)................ 50.1 26.6 
Oneveloun (Males) ves oe 2 hao ead eon x am 50.0 Dino 
@vietelets (emMales) i.e oer ce ek 49.4 27.2 
Mba Vlora alee v3 <u. a eee kaw! a6 51.2 26.6 
MAY Lota LCMVAIES) ory Sata Nee els 2a 4 50.0 25.8 
Present series (calculated)............ 50.2 26.65 
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4. Distance from Crown to Sternal Notch 
(Figure 15, Field Graph 25, Tables 15, 16, and 168) 


This dimension represents the distance from the vertex to the 
suprasternal or sternal notch, measured in a plane parallel with the 
vertical axis of the body in the median line. This measurement was 
made with the head in an erect position, but not extended. The 
dimension is affected by a number of errors, including formalin arti- 
facts, posture, and birth moulding. Formalin injection seems to 
cause a shrinkage of 4.1 per cent in this dimension. There is little 
change with subsequent immersion in formalin, the correction figure 
after six months being +4.7 per cent. 


TABLE 15 


CROWN TO SUPRASTERNAL NotcH (VERTICAL) 
51To350cm.CH: .5CH(MM.)+4.0mMm. 
30TO 55¢cM.CH: .24CH(MM.)+22.0MM. 


(284 cases) 
Crown Heel Crown fo Difference Calculated Values at 5cm. 
Length nae Suprasternal Notch (mm:) | “between |Number|iniervals of Crown Heel Length 
(mm.) Length Observed Calculated) (a) and (b) ieee ae nl Value Pate 
Range _| Mean (oD) | Max. Tin. (Meaney! Mean() Tom, (Percent (ae) | (mm) | 
23-50, 340| 309 | 1} 94 az | 143 | Ail an oe 


50100| %9] 579 | 35 Miraleran 20> =03; Hint cae | 0 ieee 79 
100150! 1234| eze| 50! ac! air | 415 | -oz |-05| 39 | 15 | 490 |: 44 
150-200] 164.6] 120.5 5 | 47 90 a9 | -20!-36| 17 | 20 |! e40 | 31 
200250! z24.2| 1509] a | oz! 70a! vez |sia'si9| 30 | 0 ) woo! ow 
£50300) 274.5) 1857 | | % | 65. 663 |+12|+14| 35 | 30 | 940 | 19 
500350|3269| 2205] 109! 83 | 949) 1004 | 465, +05| 31 | 35 , 1060! 19 
350400! 3664| 246.0 | 116, 9 | 1004! 104 | +40)+38| 24 | 40 | lao, I 
400-450) 421.3| 2674 | 125 | 106 | 1164 | 122.1 | +631459] zo | 45 | 1500! 10 
450-50014745| 3219 | ao! 116 , e921 79 |+a7!aarl| ir | 50, azo. 9 
500544) 524.7 | 360.8 | 146 | 192 | 139-7 Tuo |+e2lasel a | 55 | aol 0 


Table 15 summarizes our observations for this dimension. As in 
the case of most measurements in the median line of the anterior 
surface of the body, the curve of the distance from crown to sternal 
notch has been phased at 30 em crown-heel length, the segments 
being drawn as straight lines of different slopes. The deviations of 
the calculated from the observed values for the 5 cm intervals of 
progression range from 2.5 to nearly 4 mm and from about 2.5 to 3.5 
per cent, depending on the method of fitting and the test of fit 
employed. The major parts of these deviations lie in the upper seg- 
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ment of the progression and are due to the correction for formalin 
artifacts, which, as has been pointed out above, amounts to about 
4.5 per cent. 

FIGURE 15 


THE GROWTH OF THE DISTANCE FROM THE CROWN TO STERNAL NovtcH IN 
THE FrTat Preriop AS DETERMINED BY VARIOUS OBSERVERS 


Calculated 
ee Ailic 


Abscissa: Crown-heel length (mm). Ordinate: Distance 
from the crown to sternal notch (mm). 


‘ Apparently the only published observations upon this dimension 
in the fetal period are those of Lafaille. When his findings are 
plotted in graphic form they present an extremely irregular curve 
with values distinctly below those found in this study. It is quite 


TABLE 16 
AVERAGE DISTANCE FROM CROWN TO STERNAL Notcu At BirTH 
reer AVERAGE DISTANCE 
OncunvnT ee ee FROM CROWN TO 
on STERNAL NOTCH 
(cm) 
Ouereler Mm ales) Weenie: Pe eee ees ss ee 50.0 14.0 
Otietelecutemales itn. ceehn. sae ae aed sh: 49.4 13.9 
Pa wOReCIA AICS) he. ratorw dor ate elec a 51.2 12.9 
ED AV LOM IAEA CS) ee 5 eaten Ae 2G each ic 50.0 11D 
Present series (calculated)............ 50.2 14.2 
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possible that Lafaille’s lower values are due to the fact that his meas- 
urements were made on living children, and it is extremely difficult 
to determine this dimension accurately in the living. 

The only published observations we have found on this dimension 
in the newborn are those of Taylor and of Quetelet. Our calculated 
natal value is in close agreement with Quetelet’s findings. 


III. Résumé and Discussion of Findings on the Major 
External Dimensions of the Body 


The empirical formulae, as developed by graphic methods, for 
the four major external dimensions of the body considered in this 
section, are in three instances expressions for simple straight lines 
and are characterized by positive 6 constants. The empirical for- 
mulae for the fourth measurement, the distance from the crown to 
the sternal notch, represent two straight lines phased at 30 cm 
crown-heel length. The b constants for both segments of this pro- 
gression are positive. 

TABLE 17 


CALCULATED VALUES OF THE Mason EXTERNAL DIMENSIONS OF THE BopDy AT 
EHacu Five-CENTIMETER INTERVAL OF CRoWN-HEEL LENGTH 


Dimension 


Calculated values (mm.) at crown-heel lengths of: 
a 


Crown-heel length 300.0350.0 
Crown-rump length (sitting height) 
Spine length 

Crown fo umbilicus 

Crown Io suprasternal notch 


133.0) 
.5}135.5}101.5 
79.0, 94.0 


Table 17 summarizes the computed values of these dimensions 
at each 5 cm interval of crown-heel length from 5 to 50 cm, in- 
clusive, and the curves in figure 16 represent them graphically. The 
absolute and percentage increments of the dimensions of this group 
for each 5 cm interval of crown-heel length from 5 to 55 cm, in- 
clusive, are included in the special tables for the individual meas- 
urements, (tables 10, 12, 18, and 15). Table 18 gives the computed 
values of these dimensions at the close of each month of the fetal 
period, and figure 17 represents their computed growth with re- 
spect to time. 
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(2) 
Or 


TABLE 18 


CALCULATED VALUES OF THE Mayor ExTERNAL DIMENSIONS OF THE 
Bopy aT THE CLose oF Hacn Monta or THE FETAL PERIOD 


formulae Calculated values (mm.) at: 


Dimension 


4 mo.|5 mo.|6 ma! T mo.) 8 mo! 9mo/10 mo. 
SS SS SS 


8) 155.4 | CPTI} 292.0|350.5| 404.3 454.7 502.0 
.T} 107.6] 1554 | 197.T|C350.3 | CT1.8)505.1 530.3 
T1.T| 104.7 | 1339} 100.5) 185.0|20T.9| E094 
80.3} 124.0} 157.3 | 187.8) 215.7 |fA1.9|200.5 
| 50.0} C4 | 91.6) 106.1) 1190) 151.1 | 1405 


Crown-heel length ° 
Crown-rump length (sitting height) 
Spine length 

Crown fo umbilicus 

Crown to suprasternal notch 


The absolute and percentage increments of each of these dimen- 
sions in each month of the fetal period are summarized in tables 19 
and 20. In the fourth month the fetus makes a computed increment 


TABLE 19 


CALCULATED ABSOLUTE INCREMENTS OF THE Masor EXTERNAL DIMENSIONS 
OF THE Bopy In Eacun MontTHuH OF THE FETAL PERIOD 


Absolute increments (mm, in the: 


Dimension 
|) Zh mo| Bthma] 9thmo.|lOtime. 
Crown-heel length 846 eb DOD , 
Crown-rump length (sitting height) vow 4 (RCE Mc Teo iGo ler op hon | opie ale Olue 
Spine length 38.5 | 330 | 292 | 266 | 4.5 | 229 | 215 
Crown to umbilicus 44.0 | 37.T | 33.3] 304 | 280] 2 | 246 
Crown to suprasternal notch INCOAR GLO Moc | o4 5c icgamici leita 


of 84.6 mm in total or crown-heel length, while the corresponding 
gains of the other major dimensions range from 55.8 mm for the 
crown-rump length to 25.4 mm for the distance from the crown to 


TABLE 20 


CALCULATED PERCENTAGE INCREMENTS OF THE Mayor EXTERNAL DIMENSIONS 
or THE Bopy In Eacu MoNTH OF THE FETAL PERIOD 


Di : Percentage increments in the: 
care wis Ath mo.| 5thmo.] 6th ma Tth mo. | 6thmo. | 9thmo.|Othmeo. 
—— ee ES a = 
Crown-heel length {19,5 | 246 PCA | 200-9153") 16.5.) 404 
Crown-rump length (sitting height) HOON AA Bele ciee | 19D 15.0 RIC. 5) 10.6 
Spine length 1140 | 460 | 27.9 | 199 | 15.3 | 12.4 | 103 
Crown to umbilicus 1040 | 437 | 269 | 193 | 149 | tai | 102 
Crown fo suprasternal notch 100.6 | 431 £05 | 15.8 [ LCCe lO Cele 


86 GROWTH IN THE FE? AL PERIOD 


the sternal notch. These absolute increments decline rapidly. In 
the eighth month the crown-heel length increases 53.8 mm and the 
increments in the other dimensions of the group range from 35.5 to 


FIGURE 16 


THE GROWTH OF THE Mayor DIMENSIONS OF THE Bopy (as DETERMINED 
BY EmprricaL ForMULAE) IN THE Ferau Periop with 
Respect tro Growrn in Crown-Heei LENGTH 
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Abscissa: Crown-heel length (em). Ordinates: Major 
external dimensions of the body (mm). 


il. Standing-height (crown-heel length) 3. Distance from crown to umbilicus 
2. Sitting-height (crown-rump length) 4. Spine length 
5. Distance from crown to sternal notch 
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12.9 mm. The absolute gains in the tenth fetal month are approxi- 
mately half as great as in the fourth month, ranging from 47.3 mm 
for the crown-heel length, to 11.4 mm for the distance from the crown 
to the sternal notch. 

TABLE 21 


PER Crnt oF NATAL VALUE ATTAINED BY Hacnw Masor EXTERNAL DIMENSION OF 
THE Bopy aT Eacu Five-CentTiMETER INTERVAL OF CRoWN-HEEL LENGTH 


Percentage of natal value af crown-heel lengths of : 


Dimension 7 
5.am.|10cm,| [5cm.|COcm. C5cm.\50cm.|35cm./40em.45em.|50cm. 
—eeeoeeeeseOoyoyqoyqoyq“obaq*OoaoleoaSsS=$mS SSS 
Crown-heel length {0.0} 20.0} 30.0'40.0 |50.0 | 60.0 T0.0| 80.0) 9A.0/100.0 
Crown-rump length (sitting height) | 11.3) 21.2|31.0.409 50.7 |60.6] 70.4|80.3| 902 100.0 
Spine length 11.7|21.5|31.3\41.1 |50.9|6Q7|T0.5|604 |90.2 100.0 
Crown fo umbilicus /11.7/21.0| 51.5'41.2| 51.0] 60.8) 70.6 |604 | 90.2 100.0 


Crown fo suprasternal notch 13.4|€9.9| 34.5 |A5.1 | 55.6 | 60.0) 74.6/65. 1] 91.5 |100.0 


Each of these dimensions more than doubles its size in the fourth 
month, the percentage increments ranging from 119.5 for the crown- 
heel length, to 100.8 for the distance from the crown to the sternal 
notch. The increments drop rapidly, and in the seventh month the 
crown-heel length makes an increase of 20.0 per cent, and the other 
dimensions of the group increase from 19.9 per cent for the spine 


TABLE 22 


Per Cent or NataL VALUE ATTAINED BY HacH Mason EXTERNAL DIMENSION 
OF THE Bopy AT THE CLOSE oF Each MOontTH OF THE FETAL PERIOD 


Di: : Percentage of natal value at: 
siaee Jmo.| Amo. | 5mo.| 6mo. Tmo. | &mo. | Qmo. | !Omo. 
eS a SS Se eC 

Crown-heel length 14.1 | 31.0 | 454 | 582 | 69.8 | 60.5 | 90.6 |1000 
Crown-rump length (sitting height) 15.4 | 32.0 | 46.2 | 58.8 | TO.3 | 80.8 | 90.T 100.0 
Spine length 14.5 | 31.35 | 45.6 | 58.4 | TO.0 | 80.6 | 90.6 |100.0 
Crown to umbilicus 15.9 | 32.4 | 46.5 | 59.0 | 70.5 | 60.9 | 90.8 |100.0 
Crown to suprasternal notch IT.T | 35.5 | 508 | 64.3 | 74.5 | 63.5 | 92.0 | 100.0: 


length, to 15.8 per cent for the distance from the crown to the ster- 
nal notch. In the tenth month all the dimensions make a gain of 
a little over 10 per cent, except the distance from the crown to the 
sternal notch which increases but 8.7 per cent. 

Table 21 shows the percentage of the natal value (computed as 
at 50 cm total body-length) attained by each dimension at the 
close of each 5 cm interval of crown-heel length. At 5 cm crown-heel 
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length these dimensions average a little over one-tenth their natal 
size, the range being from 11.3 per cent for the crown-rump length, 


FIGURE 17 
Tre GRowTH OF THE Masor EXTERNAL DIMENSIONS OF THE Bopy 
(as DETERMINED BY EMprricaL FORMULAE) WITH RESPECT TO 
AGE IN THE FETAL PERIOD 
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Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Seammon and Calkins). Ordinates: Major 
external dimensions of the body (mm) 

1. Standing-height (crown-heel length) 3. Distance from crown to umbilicus 
2. Sitting-height (crown-rump length) 4. Spine length 
5. Distance from crown to sternal notch 
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to 18.4 per cent for the distance from the crown to the sternal notch. 
At 25 cm crown-heel length the dimensions have attained a little 
over one-half of their natal size, the range being from 50.7 per cent 
for the crown-rump length, to 55.6 per cent for the distance from 


TABLE 23 
RELATIVE S1zE oF THE Mayor ExTeRNAL DIMENSIONS OF THE Bopy (Com- 
PUTED AS PER CENTS OF THE CROWN-HEEL LENGTH) aT EAcuH 
Five-CENTIMETER INTERVAL OF CROWN-HEEL LENGTH 


en Per cent. of fotal (crown-heel) lensthat: 


Sem]Ocm{5cm|Z0cmlZ5cm|30eml55 cm/40emi45¢ 


Crown-rump length (sitting height) | 16.0) T1.0/ 69.3) 68.5 | 680 | 67.6 GTA | 67.2} 6T. 1|67.0 


Spine length 44,3|44,1 |44.0|43.9 143.6 
Crown fo umbilicus 5A | 53.2 | 55.1 


Crown lo suprasternal notch 


Dimension 


the crown to the sternal notch. At 45 em crown-heel length the total 
body-length is of course 90 per cent of its value at 50 cm and the other 
dimensions of this group have attained from 90.2 to 91.5 per cent of 
their values at 50 cm. 

The computed percentages of natal value attained by each dimen- 
sion at the close of each month in the fetal period are shown in table 


TABLE 24 
RELATIVE SIZE OF THE Major EXTERNAL DIMENSIONS OF THE Bopy 
(CoMPUTED AS PER CENTS OF THE CROWN-HEEL LENGTH) AT THE 
CiosB oF Hach MONTH OF THE FETAL PERIOD 


Di ; Per cent. of total (crown-heel) length at: 
ion 

nee 3mo.|4 mo.| 5 mo.) 6 mo.) [mo.| 8 mo.| 9 mo.|L0 mo. 
Crown-heel length {00.0|100.0 |100.0|100.0|100.0) 100.0|100.0| 100.0 
Crown-rump length (sitting height) 173.0] 69.2| 68.2| OT.7| OT.4| OT.2| OT.1| OF.0 
Spine length 46.9| 46.1} 45.9} 45.9| 45.8) 45.8) 45.T| 45.7 
Crown fo umbilicus 9911299 DV 94410 599:9)17 05-650 4100). Gina. | 
Crown to suprasternal notch 35.6] 3€.6| 51.8) 314| 50.3) €94| £8.8) COA 


22. At three fetal months the crown-heel length is 14.1 per cent of 
its natal value, while the corresponding figures for the other dimen- 
sions range from 14.5 per cent for the spine length, to 17.7 per cent 
for the distance from the crown to the sternal notch. At six months 
all of the dimensions, with the exception of the distance from the 
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crown to the sternal notch, have attained nearly 60 per cent of their 
prenatal growth, and the last dimension is 64.3 per cent of its natal 
size. At nine months all of these dimensions are about nine-tenths 
of their natal size, the range being from 90.6 per cent for the spine 
length and the crown-rump length, to 92.0 per cent for the distance 
from the crown to the sternal notch. 


FIGURE 18 


Tue CHANGES IN THE RELATIVE SIZE OF THE Major EXTERNAL 
DIMENSIONS OF THE Bopy IN THE FETAL PERIOD 
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Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Secammon and Calkins). Ordinates: Relative 
values of the major external dimensions of the body expressed as per cents of the 
crown-heel length. 


1. Sitting-height (crown-rump length) 3. Spine length 
2. Distance from crown to umbilicus 4. Distance from crown to sternal notch 


The calculated relative size of the various dimensions at each 
5 cm interval of crown-heel length, and at each month of the fetal 
period, are shown in tables 23 and 24. Figure 18 shows these changes 
with respect to time in the fetal period in the form of curves. _ 

The calculated crown-rump length or sitting-height forms approxi- 
mately three-fourths (76.0 per cent) of the crown-heel length at 5 
cm and declines to about two-thirds (67.0 per cent) at birth. At 
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three fetal months it is 73.0 per cent, at six months, 67.7 per cent, and 
at birth, 67.0 per cent of the total body-length. These figures agree 
fairly well with those of Schultz (’26), who, however, computes the 
total or crown-heel length as a percentage of the sitting-height. 
Reicher (23) also finds a relative decrease in the sitting-height. 

The relative length of the spine undergoes less change. It is equiv- 
alent to 51.0 per cent of the total body-length at 5 em crown-heel 
length and to 48.8 per cent at 50 em. The computed relative value at 
three fetal months is 46.9 per cent and it decreases very slightly to 
45.7 per cent at birth. 

The computed relative length of the distance from the crown to 
the umbilicus is 63.0 per cent of the total body-length at 5 em and 
drops approximately 10 per cent to 53.1 at birth. It forms 59.7 per 
cent of the body-length at three fetal months and but 53.1 per cent 
at birth. Thus the navel is ascending in position during the fetal 
period although it still lies below the midpoint of the body in the 
newborn. This observation agrees with the findings of early workers 
in legal medicine, who used the position of the umbilicus as a diag- 
nostic sign in determining the maturity of the newborn infant. 

The calculated distance from the crown to the sternal notch is 
equivalent to 38 per cent of the total length of the body at 5 em 
crown-heel length but declines to 28.4 per cent at 50 cm. With 
respect to time, it is equal to 35.6 per cent of the body-length at three 
fetal months, 31.4 per cent at six months, and 28.4 per cent at ten 
months or birth. 


PARTLY. 


SUMMARY OF FINDINGS ON THE EXTERNAL 
DIMENSIONS OF THE HEAD AND NECK 


I. Introductory Note 


The study of the growth of the head and neck in the fetal period 
was based upon quantitative data on 22 dimensions of this part of 
the body. Eight of these dimensions were either complete circumfer- 
ences (occipito-frontal, occipito-mental, suboccipito-bregmatic, sub- 
occipito-frontal, large or menton-lambda, and neck circumferences) 
or perimetric measurements of major arcs of the head (auriculo- 
vertex-auricular and suboccipito-vertex-nasion circumferences). The 
remainder were diameters or distances, the latter term being used in 
distinction to the former to designate chords of relatively small arcs 
of head circumference. Twelve dimensions involved only the neural 
region of the head, 3 only the facial or visceral region, 6 both the 
neural and facial regions, and one (the neck circumference) included 
only the cervical region. Thus our information on the neural region 
of the head is much more complete than that on the facial region. 
Four of the dimensions were in the transverse plane of the body, 
3 in the vertical or cranio-caudal plane, 4 in the antero-posterior 
plane and the remainder were oblique diameters or circumferences 
of measured partial ares of the head. 


II. Consideration of Individual Dimensions* 


5. Occipito-Frontal (Horizontal) Circumference of the Head 
(Figure 19, Field Graph 2, Tables 25, 26, and 169) 


This measurement represents the largest circumference of the head, 
passing through the glabella and the inion. The mechanical errors 
in its determination seem to be quite small. Injection increases 
this circumference nearly 4 per cent. Subsequent immersion in for- 
malin produces a further slight increase, and at the end of six months’ 
preservation a subtraction of 4.3 per cent from the observed value is 
required to give the value for fresh material. Preservation in 10 
per cent formalin solution, without injection, caused an increase of 


* The plan used in preparing the following summaries is described in Part I, 
Section IV (p. 54) of this monograph. 
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from 1 to 2 per cent in this dimension in the small series of cases 
studied. 

Birth moulding produces a marked decrease in this dimension, as 
is shown by a comparison of the measurements of unmoulded heads 
with those of fresh and preserved specimens. The circumference 
values for these types of material at 50 cm crown-heel length are as 
follows: fresh specimens, 32.25 cm; injected and preserved speci- 
mens, 33.70 cm; and living ‘“unmoulded” heads, 35.00 em. From 
these figures it appears that moulding causes a decrease of 2.5 to 
3.0 cm in the circumference. 


TABLE 25 


Occipito- FRONTAL CIRCUMFERENCE OF HEAD GLABELLA INION) 
.675 CH.(Mm) + 13.0mm. (S67 CASES) 


Horizoi i Dillerence Calculated Values at dem. 
nn Seog NN aa between |Number| Intervals of Crown Heel Length 
f 


Observed Calculated| _ @) and (b) 
in. | Mean(e); Mean(b)| mmm. 'Percent| 


Value 
(mm) 


Tat 
Ccas¢s Length 
(cr) 


56.6 5 OED : + OL 
Spee a 


50-100; 154 4 61.9 9 | +£0 
al 
100-150! 1@4.¢ , 95.6 +10 


150-200] IT2.8} 1194 131.6 - RE 
£ES.9} 15695 {oT | - £0 


£T3.1 | 183:9 199.8 - £5 
D9 | ELST £3£.6 - {.0 


vi 


350-400] 369.9} 48h £O0.2 a | +h5 . 

A00-450| 423.2 | 287.9 4 £90.60 
= 

450-500 4TI4 | 318.5 SREO 


} 
5LI4 | 358.) | 348.5 


Table 25 gives the observed and calculated values for this dimen- 
sion in the fetal period. The deviations of the calculated from the 
observed values for the 5 cm intervals of crown-heel length are quite 
small except in the upper ones where birth moulding has a distinct 
effect upon the dimension. The mean absolute deviations range 
between 4 and 5 mm, and the mean relative deviations between 
1.5 and 2 per cent, depending on the method of determination. 

The fetal growth of the horizontal head circumference has been 
studied by a large number of observers including Arnovljevic, 
Brandt, Corrado, Faucon, Fehling, Hasselwander, Heuser, Kjélseth, 
Legou, Lind, Lutz, Michaelis, Retzius, Spiegelberg, Sutugin, Weisz, 
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FIGURE 19 


Tue GROWTH OF THE OccrPITO-FRONTAL (HORIZONTAL) CIRCUMFERENCE OF 
THE HEAD IN THE FETAL PERIOD AS DETERMINED BY VARIOUS OBSERVERS 


380 te Wee 
EG = 
if Calculated = 
340;- Observed — i 
L Corrado 99 ae 
i a 
eblin a 
ae Heuser Ie aes 2 
- Kelsi Se = x 
Legov'03 2s = 
500 — Luiz 13 = : 
Michaelis'06 —" 
a Bers es Sa | 
iegelber Se 
le Ge ‘97 3 Sree. 7 
Ie Hasselwander ‘09 
Bt 
260 
£A0 


120 


50 {00 


150 £00 250 300 350 400 450 500 550mm. 


Abscissa: Crown-heel length (mm). Ordinate: Occipito-frontal 
(horizontal) circumference of the head (mm). 


TABLE 26 


AVERAGE OccrpiTo-FronTAL (HorizontaL Heap) CircUMFERENCE AT Birt 


AVERAGE 
0 AVERAGE HORIZONTAL 
BSERVER BODY-LENGTH Aoi fae 
(em) FERENCE (cm) 

Bondyreff (males) ..07.05.5:. 04 Econ 34.2 
Bondsretr, females) 4. Vik eae a or eae 33.4 
POUNCE te eS, mene ee wees eh 49.5 34.4 
SLCSLA re eo en, Sea eae Moises ei Pee 34.28 
JSRUDENGT 9. o'ty SP ae MONS a te 34.0 
(OSA 9 Se Ba, ee ea a era ae 35.08 
WareMeiy UNAS) tice i ee nase cok ae ook 51.2 34.6 
Water (Leniales) 5 22h eee a oo See 5083 34.3 
VOOR 7 SAGs OO ae ee a a Oi rae ee 35.0 
Rasbender, (males)©.. un... ses. 4e aka 48.7 33.6 
Haspender (females) \.2. 5244 4s. 48.7 Bey 
LOGIC Ien ae peat ee ets Se a it Ee sc 51.2 34.66 
EG eer ce eee eee 1 ek se a ese 34.5 
NSO se thin severh es 28 en ogee ys 2 50.6 35.37 
Paper aalen cnt . Seta. cee eo 50.0 35.0 
AAA EIA (TEMALIES) eect enrol. tee. 49.0 34.0 
IVES DO CI Sbanieres (ils. 21d sos hed bee ase 48.5 33.9 
INTC ste at We Br os oh alglers Phas ae 33.4 
iINagalvamearn(males). »... os2s0. 5 peas 02s 49 .0-49.5 32.5-33-5 
INKGrOrOleCTAIOS cen. se scan sy ae ee 35.0 
Nikiforoneremales) 27...) “ees. pe 34.2 
Pag Warie(inales) ck. 0. od eee: 49.8 33.2 
Pagliarigce males lara hers guns 2 Leese eee 49.2 32.5 
Pa mincurchierea strat. nt xg deae tom ors 48.6 33.4 
RO Dicer ea eet eee’, ltd nao wee 5020 34.5 
Quetelet malesy sea cen in seeps 50.0 33.5 
Cueteleuntenmrles cat weins Acree ee, 49.4 36.0 

A Ik Cn ANOS) e coe ere eee a er ee 49.9 34.7 
IRankeatemoales) ree rm erie € tcc eat) Sn. 48.6 33.4 
Dt ere rs eto Pare n 49.33 33.95 
VON AGCerSC Matintes ace vers urd ees Sate 50.03 34.50 
(PEIN Crepe AE eats an oor Sao ae ae 34.5 
SeHiOd Che Males near en cles: eek, ages 49.2 34.0 
Schroder (LeMmales) eee koe! patra 48.7 34.3 
Spleselberg, (males) tame gmc). 2 Kays vis se: 50.9 33.3 
Spiegelberg (females)-— io... a. ee 49.3 32.9 
MPA lore ingles ae) wees Bieter a spiy eg a Diez 34.7 
Manor iiemales ice oy ca es & See. sn< 50.0 34.1 
Ne ci) SR ee prea « nee, 35.0 
Wie steamer acy Mac ae ee. Oe are 34.0 
Weissenberge (males)... c.c2. ae see 50.8 32.7 
Weissenberg (females)..........5..5.. 50.0 32.6 
VV C167 Pcs Grice ee A beset hd Fake doe 50.0 33.8 
Present series (fresh dead)............ 50.2 32.4 
Present series (unmoulded)........... 50.2 35.0 
Present series (calculated)............ 50.2 35.2 
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and Witzinger. The values obtained by Retzius are somewhat 
higher than ours, while those of Faucon and of Corrado are somewhat 
lower. Our findings are in quite close agreement with the figures of 
other observers. 

The dimension has also been measured in the newborn by a large 
number of observers, and some averages based upon the major 
series of cases are given in table 26. It will be seen that our cal- 
culated value for the newborn is somewhat higher than those usually 
reported. Part of this difference may be due to the fact that our cal- 
culations of the newborn values are based upon a total body-length 
of 50.2 em, which is slightly, greater than the average body-lengths 
of most series of published cases. But most of the difference is ob- 
viously due to the correction for birth moulding, which is included 
in our calculations. 


6. Occipito-Frontal Diameter 
(Figure 20, Field Graph 3, Tables 27, 28, and 170) 


This dimension represents the distance in a straight line from 
the glabella to the inion or external occipital protuberance. The 
mechanical error of determination is quite small, for the end-points 
are definite body landmarks. Injection increases this diameter about 
2.5 per cent. Subsequent immersion in formalin increases it still 
more in the first month, but thereafter there is a gradual decrease, 
and at the end of six months’ preservation a correction of —2.5 per 
cent will approximate the value for fresh material. Formalin pres- 
ervation, without injection, apparently does not affect this dimen- 
sion. 

Birth moulding causes a considerable decrease in the occipito- 
frontal diameter. This is shown by the values of this dimension at 
50 cm crown-heel length, in different types of material, which are: 
fresh specimens, 11.12 em; injected and preserved specimens, 11.40 
em; and living “‘unmoulded”’ heads, 12.10 mm. These figures indi- 
cate that this dimension is decreased approximately 1 cm during 
birth. 

Table 27 gives a summary of our findings for this dimension. 
The calculated values for the 5 cm intervals of body-length, from 
5 to 35 cm, inclusive, show very small deviations from the cor- 
responding observed averages. These deviations are increased in 
the last part of the distribution, where birth moulding becomes an 
important factor. The mean absolute deviations, as determined by 
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various criteria applied to the several empirical formulae, range from 
about 1.5 to 2.6 mm. The mean relative deviations fall between 
1.2 and 2.5 per cent. 


TABLE 27 


OcciPito-FRONTAL DIAMETER OF Heap (GLABELLA-INION) 
£35 CH.(mm)+4.0mm. (369 cases) 


Crown Heel 
Length 
(nm) 


Difference Nofber Calculated Values at 5cm. 
: belween a Inlervals of Crown Heel Length 
Oheames \Calculated| _(@) and (6) cases |.CHL | Value | Percent 
Max. ; Min. | Mean fa)! Mean(b) mm. | Percent. esr | (mm) _Psrement 
ie i lr i 
{0 io ay gal Pinel tay la i 8) al en go baa 
} Hes Ihe 


| 
t 
aT ght 00-4) 00: | 29 
| = a 
100-150; 124.2| @89) 29! go | 3321 332 | 001 00 | 45 
es [eer 


+ 
150-200! 172.8] 1194 | 51! 38 | 4471 446 | -o1) -02 | 26 
200-250 


es + , 
250-300 


Occipilo-Fronlal Diameter (nm) 


5 | 15.15) — 
/ 

2U50 | 15 
— 

39.25 : 4D 

51.00 

le 

02.75 | 


03 50! bia a 
50-100! 754] 570 | 27 


BR 


225.31 152.3 | 68! 481 579 | 569 | -1.0)-17 | 5¢ 
z7z.1| 1839 | 78! Go| 092 , 686 | -06, -09 | 46 
200-3501 3229 reat | 0! 71 | 800 | Bl | +01 | +01 | 2 
350:400| 3706 | 2482 | 101 | 79, 686! 911 | +23} +20 | 30 


t - 

4036 | 2819 | 115 | BT | 999 103.5 | +36 +36 | 29 
— — | = 
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sza4 | 358.1 | 29! 105! te ! sero | 96! +84 | er 


FIGURE 20 


Tue GrRowTH OF THE OcciPITO-FRONTAL DIAMETER OF THE HBAD IN THE 
Frrau Ppriop As DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: Occipito- 
frontal diameter of the head (mm). 


TABLE 28 


AVERAGE OccrpITo-FRONTAL DIAMETER AT BIRTH 


AVERAGE 
AVERAGE OCCIPITO- 
OBSERVER BODY-LENGTH FRONTAL 
(cm) DIAMETER 
(cm) 
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The growth of this dimension in the fetus has been studied by 
Budin and Ribemont, Caspar, Corrado, Depaul, Faucon, Frieden- 
thal, Heuser, Jousset, Kjélseth, Lafaille, Legou, Michaelis, Retzius, 
Solares, Spondli, and Weisz. These studies are summarized in 
table 170. Both Corrado and Faucon obtained results that are dis- 
tinctly lower than ours, while those of Friedenthal are somewhat 
higher. The results of all other observers, while quite irregular, agree 
fairly well with our findings and with one another. 

Since occipito-frontal diameter is an important obstetrical and 
anthropological measurement there are a large number of pub- 
lished averages of this dimension for the newborn. Some of the 
more important ones are given in table 28, together with our findings 
for the newborn. 


7. Suboccipito-Bregmatic Circumference 
(Figure 21, Field Graph 4, Tables 29, 30, and 171) 


This dimension was measured through the same landmarks 
used for the corresponding diameter and described in connection 
with it. The mechanical errors of measurement are rather large, as 
neither landmark is absolutely definite, but the deviations are pro- 
bably largely compensatory. Injection increases this measurement 
about 4.5 per cent and the correction necessary after six months’ 
immersion in formalin following injection is also +4.5 per cent. In 
the small series of cases studied, simple immersion in 10 per cent 
formalin solution for six months caused an increase of 2.5 per cent. 

This circumference seems more affected than any other by birth 
moulding. The values at 50 cm crown-heel length, in different 
classes of material are: fresh specimens, 30.2 em; injected and pre- 
served specimens, 31.6 cm; and. living “unmoulded”’ heads, 32.5 em. 
These indicate a decrease of approximately 2 em through head 
moulding. 

The observed and calculated values for this dimension are sum- 
marized in table 29. The values calculated by our empirical formulae 
show two types of deviations from the corresponding observed 
averages for the 5 cm intervals of crown-heel length. In the middle 
third of the progression the calculated values are less than the ob- 
served to about the extent indicated by the estimated preservation 
change produced by immersion in formalin without injection, and 
they are probably to be accounted for on this basis. The deviations 
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FIGURE 21 
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in the last third of the progression are of the type encountered in all 
of the obstetrical dimensions of the head, and are commensurate in 
kind and amount with the change produced by birth moulding. The 
average deviations of the calculated values from the corresponding 


TABLE 29 


Susoccipiro BREGMATIC CIRCUMFERENCE or HEAD 
625 CH (mrt) + 16OmM.(S05cases) 
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TABLE 30 


AVERAGE SuBOCCIPITO-BREGMATIC CIRCUMFERENCE OF THE HiraApD AT BIRTH 


AVERAGE 
AVERAGE SUBOCCIPITO- 
OBSERVER BODY-LENGTH BREGMATIC 
(em) CIRCUMFERENCE 
(cm) 
Budineand Ribemontss..5- 4.406 6 ue oe S204 
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VAMCo1 a SS eater ee SRN Re i an et er ete 30.0 
Present series (fresh dead)............ 50.2 30.3 
Present series (unmoulded)........... 50.2 32.7 
Present series (calculated)............ 50.2 5300 
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observed means for 5 cm intervals of crown-heel length from 5 to 
55 em, inclusive, range from about 3.7 to 4.8 mm. The corresponding 
average relative deviations are of the order of 2 per cent. 
The growth of this dimension in the fetal period has been previously 
studied by Budin and Ribemont, Legou, Faucon, and Weisz. The 
last two observers obtained values that are slightly below our 
averages, while our observations correspond very closely with those 
of the first two investigators. i? 
The published values of this circumference in the newborn, together 
with our natal values, as estimated by the empirical formula with 
graphically determined constants, are given in table 30. 


8. Suboccipito-Bregmatic Diameter 
(Figure 22, Field Graph 5, Tables 31, 32, and 171) 
This dimension is the distance from the junction of the sagittal 


and coronal sutures to the junction of the superior and lateral portions 
of the occipital bone. The determination of this dimension is liable 


TABLE 31 


SuBOCCIPITO-BREGMATIC DIAMETER OF HEAD 
CH (mmM)+O0.0mm. (368 cAsES) 
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to some mechanical error in individual cases, but the deviations are 
probably largely compensatory. Injection increases this diameter 
about 3.8 per cent. Immersion in formalin after injection causes an 
early increase, which is followed later by a decrease, so that at the 
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end of six months’ preservation a correction of —3.6 per cent will 
approximate the true value. Simple preservation in formalin alone 
produces practically no change in this diameter. 

Birth moulding causes a considerable decrease in this diameter, 
and therefore measurements of this dimension in the injected speci- 
mens really represent more nearly the condition of the living fetus 
in utero than do those made on fresh specimens. The measurements 
at 50 cm crown-heel length in different types of material are: fresh 
specimens, 9.55 cm; injected and preserved specimens, 9.90 cm; 


FIGURE 22 


THE GROWTH OF THE SuBoccIPITO-BREGMATIC DIAMETER OF THE HEAD 
IN THE FETAL PERIOD AS DETERMINED BY VARIOUS OBSERVERS 
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living “unmoulded”’ heads, 10.40 em. Thus birth moulding appar- 
ently causes an average decrease of about 8 or 9 mm in the diameter. 

Table 31 gives a summary of our observed and calculated values 
for this dimension. The calculated means for 5 cm intervals of crown- 
heel length show deviations from the corresponding observed means 
that are mainly confined to the last trimester of pregnancy and are 
apparently due largely to birth moulding. The mean deviations of 
the calculated from the observed values of the 5 cm intervals, from 
5 to 55 em, inclusive, are of the order of 2 mm or less. The mean 
relative deviations range from 2.3 to about 2.7 per cent. 

The growth of this diameter in the fetal period has been studied 
by Budin and Ribemont, Depaul, Kjélseth, Lafaille, Legou, Mich- 
aelis, Solares, and Weisz. Our findings are in fairly close agreement 
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with those of most of these observers, although the values given by 
Weisz are distinctly below those that we obtained. The means of 
the major series of published values for this dimension at birth are 


given in table 32. 
TABLE 32 


AVERAGE SUBOCCIPITO-BREGMATIC DIAMETER OF THE HAD aT BIRTH 


AVERAGE 
AVERAGE SUBOCCIPITO- 

OBSERVER BODY-LENGTH BREGMATIC 

(em) DIAMETER 
(cm) 
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9. Suboccipito-Frontal Circumference 
(Figure 23, Field Graph 6, Tables 33, and 172) 


This circumference was taken through the same bony landmarks 
as the corresponding diaraeter. The mechanical errors of determina- 
tion are small and are probably largely compensatory. Injection 
produces a primary increase of about 5 per cent in dimension, while 
subsequent immersion in formalin causes a further enlargement to 
nearly 7 per cent in the first month. After this there is a gradual 
decrease, and the necessary -correction to obtain the fresh value at 
six months is about 5.6 per cent. Immersion in formalin, without 
injection, causes an increase Wf nearly 2 per cent in two or three 
months. There seems to be lit tle change after this time. 
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Head moulding produces a decrease in this dimension at birth that 
is comparable to that of the suboccipito-bregmatic circumference and 
amounts to about 2.5 cm. At 50.0 cm crown-heel length, the values 
of the circumference in the three types of material studied are: fresh 
specimens, 30.9 em; injected and preserved specimens, 32.7 cm; 
living ‘“‘unmoulded” heads, 33.4 em. 

Table 33 gives our observed and calculated values for this circum- 
ference in the fetal period. The calculated values for the 5 em inter- 
vals of body-length show the two types of deviation from the observed 


TABLE 33 


OUBOCCIPITO- FRONTAL CIRCUMFERENCE OF HEAD 
.05 C.H.(mm.) + 15.0mm. (566 cases) 


Crown Heel | Crown Suboccipilo frontal Difference Calculated Values at 5am. 
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increment 


CH. 
cases 
act (mm) 


(mm) Mean (b) 
Range ila k Max , Min _Mean@) | mm. Percent. 7 
£5- 50) 56.6) 310) 50 £8 59.0 386 | -OL | -05 | 16 ©) AT5 = 
ns 
50-100; 754) 57.0] T8, 45 ORO 640 |} +11 | +17) £9 10 80.0 66 


100-150 ; 124} 889 | 115 1 9686 e57 fat 1 | As, 15 1a ime) Al 
SF 

150-200 172.6) 1194 | 143 Ill 1 D277 ' (275 |-54 1-41 | £8 ro! 1450 eS 

£00250 | 2253) 1585 | 192 | II | 1065 | 1614 |-51 | -d1 | 5é £5 NGC) SG | 


' 
LOOLSOONPGUO ON MOA lim ukct el Ol a9 Cen LOGON 49 si—GO a4) 30 210.0 r {6 


DOO-250 SED 9) |NCeOG cote! COl Ae COm pe GED O = Co) e110) 36 35 Az.5 {5 
350-400 ! 3099 | MBL | £84 ee | £545 | 2554 | +09 ! +04 | 355 AO | £T5.0 {3 | 
400-450 Coa £6T9 | 500 ,; 48 , £605 | £90! | +98 | +55 | 69 AD i; 3075 Ie 
A50-500 | ATIA 316.5 | 354 | £60 " DIGS 7 St!4 | +91 | +29 | &A 50 340.0 I] 


500-544 5£34| 356.1 | WT , 31I9 35589 | 355K | 105 1 +46 | CT DD Die 10 


means that have been described in connection with the suboccipito- 
bregmatic circumference. In the middle third of the progression the 
observed means are somewhat larger than the calculated ones that 
correspond to the increase produced by the artifact of formalin 
preservation. In the last third of the progression the deviations are 
of the type noted in the other circumferences of the head, and cor- 
respond in amount and direction to the changes produced by head 
moulding. Most of the deviations of the calculated from the observed 
means of the 5 cm intervals from 5 to 55 em of crown-heel length, 
inclusive, are of the order of 5 mm and of 2.5 per cent. 

Both Faucon and Legou, who have published data on this dimen- 
sion in the fetal period, obtained values that are somewhat smaller 
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FIGURE 23 


THE GROWTH OF THE SUBOCCIPITO-FRONTAL CIRCUMFERENCE OF THE HBAD 
IN THE FeraL PERIOD AS DETERMINED BY VARIOUS OBSERVERS 
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than our figures. We have found no published records of the value of 
this circumference at birth, except a figure of 30.0 em given by Edgar. 
Our figures for the newborn are: for fresh dead material, 31.1 em ; 
for the living ‘‘unmoulded’’ heads, 33.7 em; and calculated by em- 
pirical formula, with graphically determined constants, 34.1 em. 


10. Suboccipito-Frontal Diameter 
(Figure 24, Field Graph 7, Tables 34, 35, and 171) 
This measurement was taken from the junction of the superior and 


lateral portions of the occipital bone, posteriorly, to the most distant 
point in the sagittal suture, anteriorly. The mechanical error in the 
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determination of this measurement is much smaller than that of the 
suboccipito-bregmatic diameter and is probably equally compensa- 
tory in character. Injection causes an increase of 4.3 per cent in the 
measurement. Immersion in formalin, following injection, produces 
a temporary increase of 6.0 per cent at the first month, and later, 
a gradual decrease to 4.9 per cent at six months. Simple preservation 
in formalin produces a very small increase in the series of cases 
studied. 

Birth moulding produces a decrease of about a centimeter in this 
dimension. This is shown by the following measurements at 50.0 cm 
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crown-heel length: fresh specimens, 11.2 cm; injected and preserved 
specimens, 10.7 em; living “unmoulded”’ heads, 11.3 em. 


Crown Heel 


TABLE 34 


Supoccipiro-FRONTAL DIAMETER OF HEAD 
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TABLE 35 


AVERAGE SuspoccipiTo-FRONTAL DIAMETER at BirtH 


AVERAGE 
AVERAGE SUBOCCIPITO- 
OBSERVER BODY-LENGTH FRONTAL 
(em) DIAMETER 
(cm) 
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Our data on this dimension are summarized in table 34. The cal- 
culated values for the 5 cm intervals of crown-heel length, from 5 to 
55 em, inclusive, show average absolute deviations from the cor- 
responding observed means of the order of 2.0 to 2.6 mm. The root 
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mean square deviations vary from 1 to nearly 4 mm. The mean 
relative deviations range between 2.7 and 3 per cent. Most of this 
deviation is in the last part of the distribution where head moulding 
affects the dimension. 

The growth of this dimension in the fetus has been studied by 
Legou and Faucon, both of whom obtained values that are dis- 
tinctly lower than ours, and by Lafaille whose figures are very close 
to our values. The means for the diameter in the newborn, as deter- 
mined by several observers, as well as our findings, are given in 
table 35. 


11. Occipito-Mental Circumference 
(Field Graph 8, Tables 36 and 172) 


This dimension was taken through the same points as the cor- 
responding diameter. The error of measurement is rather larger, 
absolutely and relatively, than that for the diameter. It is question- 
able if this error is compensatory. Formalin injection produces an 
increase of 7.7 per cent in the occipito-mental circumference. Sub- 
sequent immersion in formalin raises this figure to 9.8 per cent by 
the end of the second month. Thereafter there is a gradual decrease 
so that the correction figure, after six months’ preservation, is —6.6 
per cent. Immersion in formalin without previous injection gave 
questionable results in a small series of cases studied. Birth mould- 
ing seems to have comparatively little effect upon this dimension. 

Table 36 summarizes our findings and computations for the 
occipito-mental circumference. The mean absolute deviations of our 
calculated values from the corresponding observed averages for 5 cm 
intervals of crown-heel length, from 5 to 55 cm, inclusive, range from 
about 3.4 to about 4 mm. The root mean square deviations are a 
little over 4mm. The majority of the various measures of the mean 
percentage deviations are of the order of 2.5 per cent. 

Budin and Ribemont, and Weisz have recorded observations on 
the growth in fetal life of a dimension that they term the “‘occipito- 
mental circumference.’ However, their measurements were made 
through the lambda and not the occiput, and their dimension cor- 
responds to our “large circumference” rather than to the “occipito- 
mental circumference” as here defined. The findings of these authors 
are therefore considered in connection with the “large circumference.”’ 
We do not think that the occipito-mental circumference, as we have 
defined it, is a particularly reliable measurement, and we much prefer 
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the “large circumference”’ as a determination of the perimeter of the 
head in this general plane. 

Our values for this dimension in the newborn (at 50.2 cm crown- 
heel length) are: 29.6 cm for fresh specimens; 31.5 em for living 
‘“unmoulded”’ heads; and 32.5 cm according to our empirical formula, 
as determined by graphic methods. 


TABLE 36 


Occipito-Mentac CIRCUMFERENCE OF Heap (Menton- INIoN ) 
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12. Occipito-Mental Diameter 
(Figure 25, Field Graph 9, Tables 37, 38, and 172) 


This dimension is the d’stance in a straight line from menton to 
inion, 1.e., from the point of the chin to the external occipital pro- 
tuberance. The error of determination is due largely to the variation 
in the pesition of the lower jaw. This is greatly reduced by placing 
the jaws in normal approximation before taking the measurement. 
The dimension is increased about 4.8 per cent by injection, and sub- 
sequent immersion in formalin causes a further increase to 6.0 per 
cent in the first month. This is followed by a gradual decrease to 
2.9 per cent at the end of six months. Preservation in formalin 
without injection produces little or no change in this diameter. 

A priori, one would expect an increase in this dimension through 
birth moulding; but, we find little evidence of such change. The 
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figures for the diameter at 50 em crown-heel length are: fresh speci- 
mens, 11.7 cm; injected and preserved specimens, 11.9 cm; living 
“unmoulded”’ heads, 11.9 em. 

Our summarized findings for this dimension are given in table 37. 
The calculated values for the means of the 5 em intervals of crown- 
heel length, as determined from our empirical formulae, show small 
deviations from the observed values, throughout the distribution. 
The mean absolute deviations are of the order of 1 mm and the 
relative deviations are all less than 2 per cent. 


TABLE 37 


OcciPitro MENTAL DIAMETER or HEAD (MENTON-INION) 
C35 CH. (Mm)+ 2.0mm. (305 cases) 


Occipito-Menial Diemeter (mm.) | Dillerence Calculated Values at 5cm. 
between —_ |Number| jriorvals of Crown Heel Length 


Observed Calculated (a) and (b) ol 
Max | Min. |Mean(a) ; Mean (b) | mm ‘Per cent 


= 


tical -15 | -l24 
£0 | -04 | -£0 
a oe 


30.5 T | +k.0 
Ae | m5 +12 
56 | =f.1 
678 -€.8 
(a) 


370.6 
t 

AL3.L 
i 


ATA | 103 | 


500-544! 5234 12 


The growth of this dimension in the fetal period has been previously 
studied by Budin and Ribemont, Cadre, Corrado, Depaul, Faucon, 
Kjélseth, Lafaille, Legou, Michaelis, Solares, Spondli, and Weisz. 
The findings are in close agreement with ours except in instances 
where different techniques of measurement were employed and the 
lesser fontanelle was used as the posterior end-point of the diameter 
instead of the external occipital protuberance. 

Nearly all observers who have studied this diameter of the head 
in the newborn have made use of the lesser or occipital fontanelle as 
the posterior end-point of the measurement. Consequently their 
findings are uniformly greater than our natal values. Some of the 
more important averages are given in table 38. 
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TABLE 38 
AVERAGE OccipiITo-MENTAL DIAMETER OF THE HAD AT BirTH 
AVERAGE 
AVERAGE OCCIPITO- 
OBSERVER BODY-LENGTH MENTAL 
(em) DIAMETER 
(cm) 
ES UICIT RS es ae Oe acs ee rissa 12.4 
BUCinVa nC. De OlMtssem.. ce mt 13.0 
J BAUS OC bey cima by ACO Seer MBs ee En Peas ein ee: 13%0 
CAdre en tat eee oer ee ee a Sea Ae 48.4 13.73 
TV GRICCO ere OM te. ets eRe nee Es 13.0 
EL OA eae may A en rates Bk i & fue oe 14.0 
COILING ee ROL evant hak, on: ech eh Cae. Ri pe Ino 
UOC KC Leen POS then ew cease als, ed 51.2 1S) ats: 
Era wR RSE Or co ern en ete At oy ta0 
POUL CNSlES maken cet ene eles oo see 12.9 
PLOT LOIN ALES ih a anas eee mel adele eee ns x 12.8 
1 S(O) Eos nla lle Oe en 13.46 
WAG aul Greed) ean Go PRONG atk aA neg ue mene 13.5 
Gta Za females spy tc pet e a creat 5 ree 13.4 
atalloy.. 5.6). eee Pan ee 49.3 i3elZ 
ESO Ee Dis cea ne Nb ey ree Se 13.0 
AE Ad TLC AONB at Cu Oe hares omer es 13.5 
IVE AYICLe STAI Swen ence ees cra meer cpu Ae 48.5 12.56 
IRODICIea ae tt ee ee A ne aes ae 50.5 13.0 
CUCbELE TRUK Gre col eta fey cee ae cere 49.7 13.4 
DCHOMDE remreN Ccont Nt 2 atu ewcammnet as Vos Pies 13.0 
SCUrOOEe (MISIES) ao oso cy ees ee: 49.2 13.59 
Sohroder(females co. fok tea. thus oe we 48.7 13.47 
SGMLeStee eee heer inh Seo tn oe 49.9 Seo) 
Sie Celberome asset stk carter 50.18 13.3 
SS eC eee pe ete) a a eaten ta Se sao 
qarnier sno. Nangregil..« . of. oes 13.0 
NTU CLUE RNR Neen tam AS er alle 13578 
WWiGUStCT Ar cant oh Gena ema eee ra. bees 1250 
WVCISZ aoe NEE Gale eapre: Crane yee Te Ne es apy 50.0 Iseso 
Valeur Seen 20 Ltn pk Ae Oe, ane ene wae: 1355 
Present series (fresh dead)............ 50.2 11.6 
Present series (unmoulded)........... 50.2 D9 
Present series (calculated)............ 50.2 12.0 
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FIGURE 25 


THE GROWTH OF THE OccIPITo-MENTAL DIAMETER OF THE HEAD IN 
THE FretTaL Pertop as DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: Occipito- 
mental diameter of the head (mm). 


13. Large Circumference (Menton-Lambda) 
(Figure 26, Field Graph 10, Tables 39, 40, and 172) 


This circumference was taken through the lesser (occipital) fon- 
tanelle and the menton. It isa much more reliable measurement than 
the preceding occipito-mental circumference, and its determination 
is attended with less mechanical difficulty. Injection increases this 
measurement about 5.4 per cent, and subsequent immersion in 
formalin causes a continued increase to about 7 per cent in the first 
month. Thereafter there is a gradual decrease, the formalin correction 
after six months’ preservation being —4.7 per cent. Simple im- 
mersion in formalin, without injection, produces little change. 

Birth moulding appears to have comparatively little effect upon 
this circumference. At 50 cm crown-heel length the values for this 
circumference in the three types of material studied are: fresh speci- 
mens, 35.3 cm; injected and preserved specimens, 37.0 cm; living 
“unmoulded”’ heads, 33.4 em. These figures indicate that a possible 
decrease of about 1 cm may result from the birth process. 


FIGURE 26 
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Table 39 gives our findings for this circumference. The calculated 
values for the 5 cm intervals of crown-heel length, from 5 to 55 cm, 
inclusive, show average absolute deviations ranging from about 2 
to almost 10 mm from the corresponding observed means. The cor- 
responding average relative deviations range from about 1 to about 
5 per cent. These deviations are fairly equally distributed through- 
out the progression. 

TABLE 39 


LARGE CiRcumFeReNce or Heap (MeNnTon-LamBna) 
T2CH.(mm) + 10.0mm.(343 cases) 


i Diflerence Calculated Values at 55cm. 
pas belween | Number) intervals of Crown Heel Length 
Observed Calculated (a)and(b) 


Cases 


all Mean (b) | 
Range | Mean = Mp. glean) Bu) Percent | 
23-50! 359 367 | 358 09 | -25| 15 
he + 
50-100} T54 i p +29 ONG £9 


100-150 , 123.5 y +£.1 


150-200! 173.2 , A +0.1 
| fees 

200-250 | 225.3 | 69 

(SAV -1.8 


300 | 253 
335 | 216 


383.9 | 386.8 


TABLE 40 
AVERAGE LARGE CIRCUMFERENCE OF THE HAD (MENTON-LAMBDA) AT BirTH 
AVERAGE AVERAGE LARGE 
OBSERVER BODY-LENGTH CIRCUMFERENCE 
(em) (em) 
TSSUG UN oN MRD sk nr oe St ae eee ler. 37.6 
PS UU eee ee ai are ae coca Ne, 3/6 «aya tyes 35.0 
LB AW eee cota try Si ALS A een Bees 38 .0 
DEES Ute ee ee eee eran ae ao a mee a 
“VLEH OLY Ocean iy Ms ne ar 35.5 
\UGTRIA » PA PEE i Ieee a mee 37.45 
Present series (fresh dead)............ 50.2 35.5 
Present series (unmoulded)........... 50.2 36.5 
Present series (calculated)............ 50.2 Hh ail 
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The growth of this dimension in the latter part of the fetal period 
has been studied by Budin and Ribemont and by Weisz. The values 
of the former investigators are distinctly higher than ours. Those 
of Weisz, while quite irregular, show a closer approach to our findings. 
The values for this circumference in the newborn are summarized 


in table 40. 
14. Bi-Parietal Diameter 


(Figure 27, Field Graph 11, Tables 41, 42, and 173) 
This dimension is defined as the greatest width of the head between 


the parietal eminences. The mechanical error of determination is 
small, for the end-points are definite bony landmarks. Injection 


FIGURE 27 


THE GROWTH OF THE BI-PARIETAL DIAMETER OF THE HEAD IN THE 
FrraL PERIoD AS DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: Bi-parietal 
diameter of the head (mm). 


increases this dimension about 4.4 per cent, but subsequent preserva- 
tion causes a slow shrinkage, and the formalin correction figure, after 
six months’ preservation, is —3.6 per cent. Preservation, without 
injection, produces almost no change in this dimension. 

The bi-parietal diameter is distinctly affected by birth moulding. 
The values of this dimension, at 50.0 em crown-heel length, in the 
three types of material studied are: fresh specimens, 8.77 em; injected 
and preserved specimens, 9.10 cm; living ‘“‘unmoulded” heads, 9.60 em. 

Table 41 summarizes our findings for this measurement. The 
calculated values, as computed from our several empirical formulae, 
for the 5 cm intervals from 5 to 55 em, inclusive, of crown-heel length, 
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show average absolute deviations of the order of 2 mm or less. The 
corresponding average relative deviations range from over 2 per cent 
to over 3 per cent. The dimension is much decreased by head mould- 
ing between 35 and 55 cm crown-heel length, and the deviations 
of the calculated means are therefore augmented in this part of the 
progression. 

The growth of the bi-parietal diameter in the fetus has been studied 
by Budin and Ribemont, Cadre, Calderini, Caspar, Corrado, Depaul, 
Faucon, Friedenthal, Jousset, Kjélseth, Lafaille, Legou, Michaelis, 


TABLE 41 


BrPaniceraL DIAMETER OF Heap (Maximum) 
19 CH.(rm™.)+2.0mm. (369 cases) 


Difference 
belween ee 


Crown Heel | Crown Bi-Parietal Diameter (mm) 
Length Rum 


Calculated Values at 5em. 
Infervals of Crown Hee] Length 
TRG f 


(mm) Lengi Observed Calculated (a) and (b) rece ae Value | Percent 
Range |Mean | (mm) | Max | Min |Mean (a)! Mean(b) | >, Percent. 
+1 = +— + — + 


(eo 30) reel) a! Ie 6 95 91 
50-100! 754 OOn | ikO {o 162 


100-150; 1h42} 669 | Se 4 2i £6.3 25.6 
150-2001 1728} 1194 | 41 eS) 99.9 348 
Ves 
£00-250|| RESO 1965 | 54 | 35 | 455 446 
£50-500, £731} 18539 | 06 45 559 Oe) 


300-350!3239|] 2237 | | 5 ) 625 635 
eae 
350-400|3T06| £462 | 78, 56 , 696 LA 
400-450 ) | Ae 2879 | BAN By |) 16S 4 | 
450-500 |4T14 | 3185 | 99 70 , 870 16 
T 
500-544 5034 eae | ioe | 65 | 940. 1014 e| e744 79 | Br—| S85 I 1065) 10 


Retzius, Solares, Spondli, Sutugin, Weisz, and others. The agree- 
ment of our findings with the results of these observers is quite close 
in most instances, although our figures are distinctly higher than 
those of Faucon and of Corrado and distinctly lower than those of 
Retzius and of Jousset. 

There are many published averages of the natal value of this 
dimension. Some of the more important of these figures, together 
with our findings, are included in table 42. 

15. Auriculo-Vertex-Auricular Circumference 
(Field Graph 12, Tables 43 and 44) 

This dimension may be defined as a perimetric line between the 

two auditory meatus passing through the vertex. It is increased 2.9 


TABLE 42 


AVERAGE Bi-ParieTAL DIAMETER OF THE HEAD AT BIRTH 


AVERAGE 
AVERAGE BI-PARIETAL 
OBSERVER BODY-LENGTH iw tianiae 

(em) (cm) 
Bonnilayn: 6 dans bees ees ak 49.5 9.34 
TE UC eccentric 9.50 
BCs eee orient cece eee tae eye. ee 9.25 
Gare mien hes one eater tae ar aor lea 48 .6 9.26 
ID ea Geiss notre eae eerste ene masa os 9.25 
| Ebie FOES gh cco eri as ahem ard Peery nat Nien Sie Peer: 9.5 
Masbencer (iMmales \ieauweeu cee 48.7 8.76 
Mashender temales) (ees. omy eee 48.2 8.32 
Erankenhauser (males)....:..5:...2.. Sa73 
Frankenhauser (females).............. 8.65 
(rallen7 OMIA see es he ene ee 9.05 
MeO NG epee nee cle Laisa fe tode mates ate ane Pees 9.25 
IR (SOLAR Oy age earn RNG 2. 51.2 9.22 
linc Wes ae ate tte Moree rune ela, Jf. 9.25 
IE IGLH CL ACERT SSD canner teehee Carns eee eatin eee 9.0 
Plot lm(lemrales) urei mn pte hae a ah eeas 8.9 
TAG GNC tele ots geen ee eer 9.32 
Gulez RMaAles erent: A ace rah On? 
Komlit ze hemi ales) arm aves ie MRAP) ete? meee 9.1 
(atatllemer cena tote eerie ite etc ees 49.3 9.32 
ILO EGU ee ho ati Panera tare ame soa 9.50 
Manan 7ake Cm ales) are. eee sete 50.0 10.0 
levharzike Gemales)izn wente es od. cern oe 49.0 9.9 
Nala ee Reet ae scsty epereean Ne rende keny eee oes 9.25 
IVLATIC els baie Reis vec ausriaeliee aacih ets eee 48.5 7.99 
IN SioS a AR ea opera cis oceans oe alee acc 13.76 
INeenie Gales) Gee cals oe ae ee Wels 
NGO rig (ienna les) ae serie ore nie ten ea Bert ae She 9.38 
PPO DIOL neta. 82 ida cote re et et rc! 50.5 9.0 
Vance IMIG ite ieee toe etd oan) sa, eae, 49.9 9.9 
Rankemtemalestc.. cw meee ia. fe ce 48.6 9.4 
SCMOMOCEO oP enna teres MAGN, Saree era ys ate. 9.0-9.5 
Sclimomde mu males ew. nie ae eeed cee 49.2 9.35 
SCH ROGE TR LOlNAlOS her u aemeae eras, caries 48.7 9.22 
VOTH A COWS kdl ook eit eee sere ese itera Mae 9.56 
SOLATOS a conc Sees Seon Bia aman ne 49.9 9.44 
Spiegelberg (males) os. o6d.0-- + ease. 50.9 9.35 
Spiegelberg (lemales)....°..:...,.5... 49.3 Sh tere 
Shika Zane eer ten Ae reece TRA: 9.25 — 
Tarnicm andy Namireuil acces, cous OFS 
Varia Lie are kor tke ce pee aoe Ronen we eer 9.46 
NED SCOTS auh caus ay aru inert, reo a rereamey agen 10.0 
a EGY To atte er ee Marten or in te SR EH 4 50.0 9715 
WT ATs 2 ears RUN Man Rete re eet Rcd 9.25 
Present series (fresh dead)............ 50.2 8.8 
Present series (unmoulded)........... 50.2 ORG 
Present series (calculated) > 9)... sane 50.2 OT 
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per cent by injection. Subsequent formalin preservation causes little 
further increase, the correction figure, after six months’ immersion 


in formalin being — 


3.1 per cent. 


A summary of our findings on this dimension is shown in table 43. 
The fits of our several expressions to the observations on this dimen- 
sion are not very satisfactory. The various measurements of the 
mean deviation of the calculated from the observed values for the 
5 em intervals of crown-rump length, from 5 to 55 em, inclusive, range 


TABLE 43 


AURICULO- VERTEX -AURICULAR CIRCUMFERENCE Or HEAD 
AGT5 CH(mm.)+1 1.0mm. (351 cases) 


23-50! 306 


Auriculo-Vertex - Auricular 
Circumference (mm.) 


Observed Calculated 
5 Min. | Mean(a) Mean (b) 


Ditference 


between Number 


of 
cases 


Calculated Values at 5cm. 
Infervals of Crown Heel Length 


H Per cent. 
Length} V8lU2 ‘increment 
(cm) , (mm) | 
opal ee. 
68 


1o | 57.750| 


50-100) 754| 57.0 
100-150! 123.5] 83.9 


150-200) 173.2 | 119.5 


15 61.125 


200-250! 2250} 152.0 


SS 


+ 0.5 [+05 


155 | 99 | 116.5 


SOs 03 


163 [122 | 1387 


400-4501 420.0 | 2805 


215 ' 180 | 197.6 


450-500; 4714 | 316.5 


500.544! 523.6 


221.375 | 12 


253! 169 | 217.5 ; 2314 


1391 + ©0 


2447501 11 


250! 213 | 2330 | 255.8 


+228! + 9.8 


TABLE 44 


AVERAGE AURICULO-VERTEX-AURICULAR CIRCUMFERENCE 
OF THE HEAD AT BIRTH 


268.125, 10 


AVERAGE 
AVERAGE AURICULO-VERTEX- 
OBSERVER BODY-LENGTH AURICULAR 
(cm) CIRCUMFERENCE 
(cm) 
PS ORUINIDAN, Suey sists eke peermedia ghee aes 49.5 21.31 

(CHISTES ri een eo oe 18.8 
(CEN a eae yt ar ea on en cae 18.2 
AMEE CS) eke 6 aus sei tee, cphers miactoies onic 49.9 19.5 
Ranken Gemales)- eas uise ne pes ee 48.6 18.5 
Present series (calculated)............ 50.2 24.6 
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from about 3.5 to 5 mm, and the corresponding mean relative devia- 
tions range from about 2.1 to over 3 per cent. Most of the larger 
deviations occur in the upper third of the distribution and seem due to 
birth moulding. 

We have found no published data on this dimension in the fetus. 
Joseph Clarke, in 1786, studied an ear-to-ear measurement in the 
newborn, but his end-points were the anterior superior angles of the 
ears rather than the external auditory meatus. These values together 
with those of Bonnifay and of Ranke, for the newborn, are given in 
table 44. 


16. Vertical-Auriculo-Vertex Distance 
(Field Graph 13, Tables 45 and 46) 


This dimension is the vertical distance from the external auditory 
meatus to the level of the vertex of the crown. Injection increases 
this measurement 3.1 per cent, but subsequent preservation in 


TABLE 45 


VERTICAL AuRICULO-VERTEX DISTANCE ON Heap 
175 CH(mM.)+3.5mm. (329 CASES) 


Vertical Auriculo- Veriex Difference Calculated Values at 5cm. 
Distance (mm.) between ee Intervals ot Crown Heel Length 
fo) 


pete Observed I 74) and (b) CH 
ea : qacuend cd5¢s | Length’ Value 


Crown Heel 


Length Crown 


.| Min. | Mean (a) Mean(b) | mm. Per cenit (cm) | (mm) 


9.5 } tOOu acl (225 
16.7 J | 21.00 
100-150! 123.6] 84, 25.6, 29.75 
150-200| 173.4] 119. 33.8 .0 | +0, 38.50 
43.5 : A4T.25 
51.5 } 56.00 
604 . ; 64.75 
67.9 A ; 73.50 
(exe , ; : oi 82.25 
81.5 
85.6 


formalin necreases it and the correction figure, after six months’ 
preservation, is -0.4 per cent. 

The summarized findings for this dimension are givenin table 45. 
The average absolute deviations of the calculated from the observed 
values for the 5 cm intervals of crown-heel length range from about 
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1.4 to 1.6 mm. The corresponding relative deviations lie between 
2 and 4 per cent. The root mean square deviations range from about 
2 to about 3.6 mm. We think the deviations are chiefly the result 
of birth moulding, although we have no experimental data on this 
factor. 
TABLE 46 
AVERAGE VERTICAL-AURICULO-VERTEX DISTANCE OF THE HnAD AT BirtTH 


AVERAGE 
AVERAGE VERTICAL- 
OBSERVER BODY-LENGTH | AURICULO-VERTEX 
(em) DISTANCE 
(cm) 
bipiedemthials tri. ee cal, ¢ le ioe ees 5020 8.06 
Oiteteleta(aales) > <2... cca .Msacee os cas 50.0 8.0 
Quetelet Gemales).5—. +. fsck. 49.4 8.0 
Present series (calculated)... .......... DORZ 91 


Our findings agree fairly well with the previous observations of 
Friedenthal on this dimension in the fetus. The values for the new- 
born are summarized in table 46. 


17. Suboccipito-Vertex-Nasion Circumference 
(Field Graph 14, Table 47) 


This measurement was taken along the sagittal suture from the 
nasion to the subocciput. It is subject to the errors of determination 
common to all measurements having the subocciput as an end-point. 
Injection causes a small increase of 0.9 per cent in this dimension. 
Subsequent preservation entirely eliminates this change, and no 
formalin correction is required. 

The results obtained from the study of this dimension are sum- 
marized in table 47. The calculated values for the 5 cm intervals of 
crown-heel length, from 5 to 55 cm, inclusive, show average absolute 
deviations of 2.5 to 3.5 mm from the corresponding observed averages. 
The relative mean deviations range from less than 1 to nearly 2.5 
per cent. Practically all of the deviations occur in the last third of 
the distribution and are probably largely due to birth moulding. 

We have found no published records of this dimension in the fetus 
or newborn. The calculated natal value, as computed by the em- 
pirical formula with graphically determined constants (at 50.2 cm 
crown-heel length) is 24.8 cm. 
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18. Menton-Bregma Diameter 


(Field Graph 15, Table 48) 


This measurement was taken from the tip of the chin to the coronal 
suture, in the midline. The error of determination is considerable in 
individual cases, but it seems to be largely compensatory. Injection 
causes an average increase of 4.6 per cent in this diameter. There is 
little change with subsequent preservation. The formalin correction 
figure, after six months’ immersion, is —4.3 per cent. 


TABLE 47 


SUBOCCIPITO- VERTEX- NASION CIRCUMFERENCE OF HEAD 
-465 CH (MM.)+ 15.0 mm.(350 CASES) 


Crown Heel Suboccipilo ‘Vertex: Nasion Diflerence Calculated Values al 5em 
Length Rump Circumference (mm.) belween Pealdcick Intervals of Crown Heel Lengib 
(mm) Length Observed (b) (a) and(b) | © Vslue 1 Par cent 


(mm) Calculated Cee Length incremenl 
Mox | Min 'Mean(a) “AC¥%4 rom | Percent. (aa) | (am) 
= 


Range | Mean 


£3- 50 | 30.0) 25) WIS) || BE £98 BLO | +k2, +74 10 
' + 
BOHCO! Gyo! — Bygoy || ey) wl 504 501 | -031!-06 | 30 


=i) 
100-150! 123.5] 639 | 63, 54 (EL GAME OGeatOO ne -45 15 84.75 Se) 


| 4 
150-200| 1734] 1195 | 107, 63 9486 95.6 | +06] +0.86 | £6 (a) 108.00 eT 


£00-250) £250) 1520 | 146° 103 119.2 | 1196 | +04, +03 | 50 (5) 191 £5 cL 
£50300 | 27355} 1842 | 174! 126 1429 , 1422 | -OT} -O5 | 44 30 154.50 16 
500350 : HED | WENA WV NES || TO |) Neos i Wes) pote Suey |) ev 35 17775 15 


350-400 | 3683 || (480 | 605 ; 170 | 1665 | [6635 | =Q0)} 400 || 30 40 C0100 13 
400-450 |420.0} 2865 | 22! 180 | 2059 | 2103 ac +Z.1 LO 45 LLALS | Ie | 
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Table 48 summarizes our observations on this diameter. The 
absolute deviations of the calculated from the observed values for the 
5 cm intervals of crown-heel length, from 5 to 55 em, inclusive, range 
from 1.6 to 2.6 mm, and the corresponding relative mean deviations 
range from 2.2 to 4 per cent. They are chiefly in the upper intervals 
of the progression and probably represent birth moulding. 

We found no published data on this diameter in the fetus. Char- 
pentier gives this dimension as 9.0 cm in the newborn. Our value 
at birth, as computed from the empirical formula with graphically 
determined constants (at 50.2 em crown-heel length), is 12.0 em. 
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19. Bi-Malar Diameter 
(Figure 28, Field Graph 16, Tables 49 and 174) 


This dimension is the horizontal distance between the two malar 
prominences. The mechanical error of determination is small, pro- 
vided the observer is careful to obtain uniform end-points in each 
case. Injection causes an increase of 5.7 per cent in this diameter 
through swelling of the soft tissues over the malar prominences. 
During subsequent preservation in formalin most of the edema 
disappears, and after six months the measurement is only 1 per cent 


TABLE 48 


MENTON BREGMA DIAMETER or Heap (Heap HEIGHT) 
23 CH (m™.)+4.5mm.(357 CASES) 


Crown Heel Menton BregmaDiameter(mm) | Difference Calculated Values at 55cm. 
Length ‘between Numberiiniervals of Crown Heel Length 
e 


T 
(mm.) Observed Calculated (a) and (b) Cc 
.! Min | Mean @)| ea mm. Percent] ein (mmn,) 
23-50! 306| 25. 26! 129 |+01's08 16.0 
ina 


50-100! £T5 


45S 
100-150! 1 ail Shier I Seti | 


t 
150-200] 173.2} 119.6 445 , 444 


22491 148.7 574 | 563 
250-300) 273.1| 183.9 6B) 683 
300-350 2164 , 794 | 801 
PABA 86.3 | 894 
2865 f 964 | 101.1 
318.5 | tov | 412.9 
3562 “i149 | 19 


greater than in fresh material. We have no check upon the effect of 
simple formalin preservation or of birth moulding on this dimension, 
but the type of curve formed by the data, when plotted against the 
body-length, indicates that these artifacts have no marked effect. 

Table 49 gives our findings for this dimension. The average abso- 
lute deviations of our calculated values for the 5 cm intervals of 
crown-heel length from the corresponding observed means from 5 to 
55 em of body-length, are 1 mm or less in all instances. The relative 
deviations range from 1.6 to over 4 per cent, being increased by the 
great relative deviation in the 5 to 10 cm interval of crown-heel length. 

Previous observations on this diameter, in the fetal period, have 
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been made by Budin and Ribemont, Retzius, and Sutugin. 
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Our 


findings are in substantial agreement with those of Retzius but are 
somewhat higher than those of Budin and Ribemont and of Sutugin. 


TABLE 49 


Br-MaLcan DIAMETER oF HEAD 
1375 CH(um)+0.25m™. (S50cAsES) 


Bi-Malar Diameter (mm.) 


Calculated Values at 5cm. 


Difference 
UMer niervals of Crown Heel Length 


between 


Observed 


—Icatculareal_(@) and ©) 


23-50! 372 


50-100 ! 5A 


100-150 | 123.5 


150-200 173.2 


200-250 225.0 
250-300! 273.1 


300-350 | 324.5 


350-400 | 369.1 


400-450 | 420.0 


+03 |+05 


450-500 | 471.4 


+0.5 | +0.8 


500-544 523.6 


laze 


Our calculated value for this dimension in the newborn, as computed 
from the empirical formula with graphically established constants 
(at 50.2 em crown-heel length) is 6.9 em. 


FIGURE 28 


Tue GROWTH OF THE BI-MaLar DIAMETER, OR DISTANCE OF THE Heap, 
IN THE FetTaL PERIOD AS DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: Bi-malar 
distance (diameter of the head ) (mm). 
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20. Bi-Auricular Diameter 


(Figure 29, Field Graph 17, Tables 50 and 174) 


This measurement was taken as the diameter from one external 
auditory meatus to the other. Injection increases this diameter in 
the average by 9.5 per cent, while subsequent immersion in formalin 
produces a further increase to 12.5 per cent in the first month. After 
this there is a gradual decrease and the final correction, at six months, 
is —7.2 per cent. 

The progression of this dimension with respect to body-length may 
be better represented by a shallow parabola with the concavity 


TABLE 50 


Bi-AURICULAR DIAMETER OF HEAD 
10 CH (MM.)+ 2.0mm. (357cAsES) 


Difference Calculated Values at 5cm. 
p 7 belween 
Length Observed \Calculated| (@) and (b) 


CH 
—— ca 
(mm) | Max. | Min. [Mean (@)! Mean) lea: 


pt 

4 | 10 +03, +39| 18 
50-100! 75.4 eee eee 30 
100-150! 124.1] 644129 ; 17 | 226, 219 |-09'-39| 4 
| 119.6 


4 
150-200, 173.2 345! 25 | 306 | 297 28 
200-250! 2250| 152.0 |45.51 345! 397 | 380 


541 | 549 [+081 +45 | 54 | 35 
350-400! 368.3| 2480] 67 | 52 | 60.1 | C09 |+08|+13| 30 | 40 | Go| 4 
v2 154 ' 654 ! 692 |14+38 es 26 | 45 12 
O [Ge 8 1 TTA, | +501449 1-4 | 50 | 6201 St 
81.81 656 (+40 | 449 55 | 900 ! 40 


downward than by a straight line, but no good reason is apparent for 
this peculiarity. It is possible that a change in type of instrument 
used and a very slight variation in technique, after a number of the 
measurements, may be responsible for this difference. The rather 
large increase due to injection is also not readily explicable, and 
there is the possibility of some connection between the two phe- 
nomena. 

Table 50 summarizes our findings for this dimension. The cal- 
culated values, as determined by various empirical formulae, for 5em 
intervals of crown-heel length, show average absolute deviations of 
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1.1 to 1.8 mm, and average relative deviations of 0.3 to 4.6 per cent, 
from the corresponding observed means. 

Previous observations of this diameter have been made by Frieden- 
thal and Retzius, whose values run consistently higher than ours 
throughout the entire series. Friedenthal obtained a natal value of 


FIGURE 29 


THE GROWTH OF THE Br-AuRICULAR DIAMETER OF THE HEAD IN 
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100 T T T 


Calculated Tee 
80 —~—~— Friedenthal oe 
a Retzius a 


_l 
jee | q638 | 


| | | | | | | 
) 50 100 150 COO 250 500 350 A400 450 500 550mm. 


Abscissa: Crown-heel length (mm). Ordinate: Bi-auricular 
diameter of the head (mm). 


9.05 em at 50 cm crown-heel length, while our calculated value for 
the newborn (as computed from the empirical formula, with graphi- 
cally determined constants) at 50.2 em crown-heel length is but 
8.2 cm. 


21. Auriculo-Vertex Diameter 
(Field Graph 18, Table 51) 


This diameter was taken as the diagonal distance, in the transverse 
plane, from the external auditory meatus to the sagittal suture. This 
diameter was taken as the average of the two sides. Although the 
two observations were not recorded separately, no consistent differ- 
ence was noted between them. Injection increases this distance about 
1.6 per cent, while subsequent immersion diminishes it, and at the 
end of six months’ preservation the correction is only —0.5 per cent. 

Table 51 summarizes our findings for this dimension. The cal- 
culated values for the 5 em intervals of crown-heel length, from 5 to 
55 cm, inclusive, show average deviations ranging from 1.38 to 1.9 
mm, and average relative deviations of 2.0 to 3 per cent, from the 
corresponding observed means. These deviations are almost entirely 
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confined to the latter part of the progression and are probably due 
mainly to birth moulding. However, since no special study was made 
of the effects of birth moulding on this diameter, we are unable to 
state definitely that the error was introduced from this source. 


TABLE 51 


AURICULO-VERTEX DIAMETER OF HEAD 
1625 CH(m™.)+ 4.5.55 cases) 


Auriculo-Veriex Diameler (mm) | Difference 
between 


SS a] Le | 

Observed Calculated) _ (@) and (b) 

Max i Min. |Mean(a); Mean(b)) mm. (Percent] 
+= t = + 


+ 


y)- 
12.5 10.7 +04) +36 13.625 
lc t 
10.2 3 | +01 10 | 22.750 
rae 15 [31.805 | 
36.0 20 | 41.000 
457 50.125 
4. 59.250 
542 Ins £ 
632 5 | 40. | 68.375 
1 
713 y 77.500 
86.625 
95150 
104.875 


We have found no published observations on this dimension in the 
fetus or newborn. The calculated natal value (at 50.2 cm crown-heel 
length) is 9.6 cm. 


22. Nasion-Menton Distance (Height of Face) 
(Figure 30, Field Graph 19, Tables 52 and 174) 


The determination of this dimension has the mechanical error 
characteristic of all measurements involving the chin as an end-point. 
This error can be partially controlled by proper technique, and seems 
to be largely compensatory. The height of the face is increased 6.6 
per cent by formalin injection. Subsequent immersion in formalin 
causes a still further increase to 8.1 per cent at three months, but 
following this there is a gradual decrease. At the end of six months 
the necessary correction figure is —5.4 per cent. 

Table 52 summarizes our findings for this dimension. The cal- 
culated values for the 5 em intervals of crown-heel length, from 5 to 
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“a 


55 em, inclusive, show average absolute deviations of less than 1 mm 
and average relative deviations of 2.5 to 3.3 per cent, from the cor- 
responding observed values. These deviations are quite uniformly 
distributed throughout the progression. 


TABLE 52 


NASION- MENTON DISTANCE ON HEAD 
105 CH (mm)+ 0.5mm. (349 cases) 


Crown Heel | Crown | Nasion-Menton Distance (mm) | Dilference Calculated Values at 5c. 
Length Rump belween 
(mm) Lenglh Observed Calculated) (2) and (b) 


‘ Value |, 


€ 
Range | Mean Gorn) a in. ,Mean@) Sion Crm. (mm) _! 


=e —————— ba 


(Gp (0)'! Slexey || rap), AO ‘ i || —feX) 5.15 


Ie 

50-100 } A .O - : F | {1.00 
4 + 

100-150 : } {0.£5 


150-200 . k L150 


200-250 | 26.75 
3Z.00 


Die 


A250 


=| 
AT 75 
59.00 
ue 
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Previous observations upon this dimension in the fetal period have 
been made by Retzius and by Friedenthal. Our findings are in close 
agreement with the figures recorded by these observers. We have 
found no published observations on this dimension in the newborn, 
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aside from a single observation by Friedenthal, who obtained a value 
of 5.42 cm at 50 cm crown-heel length. Our calculated natal value 
(computed with the empirical formula with graphically determined 
constants, at 50.2 crown-heel length) is 5.3 em. 


23. Crown-Menton Distance (Vertical Head Height) 
(Figure 31, Field Graph 20, Tables 53, 54, and 174) 


This measurement was taken vertically from the tip of the chin 
to the vertex, and may be considered a measure of the height of the 
head and face. The mechanical errors of determination are not great, 
although the individual variations are probably increased by the 
different types of head presentation in the older specimens. Injection 


FIGURE 31 


Tuer GROWTH OF THE VERTICAL HEAD HEIGHT IN THE FETAL 
PERIOD AS DETERMINED BY VARIOUS OBSERVERS 
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Vertical head height (mm). 


produces an increase of 4.6 per cent in this dimension, and the final 
correction figure, after injection and six months’ preservation in 
10 per cent formalin, is —4.0 per cent. Birth moulding does not seem 
to produce any constant change in the averages of the vertical head 
height, although occasional specimens show marked changes in this 
diameter as the result of moulding. 

Our findings in connection with this dimension are given in sum- 
mary in table 53. The calculated values, as determined by empirical 
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formulae, for the 5 em intervals of crown-heel length, from 5 to 55 em, 
inclusive, show average absolute deviations of about 1 to 1.5 mm, 
and average relative deviations of about 1 to 3 per cent, from the 


TABLE 53 


CROWN-MENTON DISTANCE ON HEAD (VERTICAL HEAD HEIGHT) 
.2£275 CH(MM,)+ 5.0MM.(33£ CASES) 


Crown Heel Difference Calculated Values at 5cm. 
Length belween Heel Length. 


(mm) Observed ‘Caleulated |_(@) and ©) cases oe 
Range Max. | Min. Man (a) (ean eee fe) | 
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PAVIA 105 || 


mp qe 
0 | 768 | 


130.125 


corresponding observed values. The main deviations le in the last 
5 cm interval, where postmaturity may have a distinct influence. 

Previous observations have been made on this dimension in the 
fetal period by Retzius and by Lafaille. Our findings are in close 
agreement with their figures, except for the latter part of the dis- 


TABLE 54 
AVERAGE Crown-MentTon Distance (VERTICAL HEAD HeErGuHT) at BirtH 

AVERAGE 

AVERAGE CROWN- 

OBSERVER BODY-LENGTH MENTON 

(em) DISTANCE 
(cm) 
Tatanlewwr. atin eae eee 49.7 AO Gel 
Queteletednales))cn che ca ee tet 50.0 ae 
Quetélete@emales) c- ecb) res 49.4 lata! 
Shadow euceies eam mapas tak eeeccdsy eee, 46.8 1 BST 
Present series (calculated)............ DO 2, 11.9 
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tribution where our values are distinctly higher. Table 54 summarizes 
the available data on the magnitude of this dimension in the newborn. 


24. Orbito-Auricular Distance 
(Field Graph 21, Table 55) 


This is the distance, in the horizontal plane and a straight line, 
from the lateral margin of the orbit to the anterior margin of the 
external auditory meatus. Since both end-points are definite land- 
marks, the mechanical error of determination of this dimension is very 
small. Injection produces an increase of 6.5 per cent in this dimension. 
Subsequent preservation in formalin eliminates the greater part of 
this enlargement, the formalin correction figure, after six months’ 
immersion following injection, being but —1.7 per cent. 


TABLE 55 


ORBITO-AuURICULO DISTANCE OF HEAD 
.OTT5CH(mm.)+ 0.0mM. (300 cASES) 


Crown Heel ito-Auri i .)| Difference Calculated Values at 5cm. 
Length Crown | Orbito-Auriculo Dislance (mm.) behwcon Numberliptervals of Crowntteel Lengih 
Per cent. 
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Table 55 summarizes our observations on this dimension. The 
calculated values for the 5 cm intervals of crown-heel length, from 
5 to 55 cm, inclusive, show mean deviations of the order of 0.5 mm. 
The mean relative deviations fall between 3 and 3.6 per cent from the 
observed means for the corresponding intervals. 

We have found no records of previous observations on this dimen- 
sion in the fetus or newborn. The calculated natal value (at 50.2 cm 
crown-heel length) is 3.9 em, as computed from our graphic formula. 
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25. Orbito-Auriculo-Suboccipital Diameter 
(Field Graph 22, Table 56) 


This is the distance from the lateral margin of the orbit to the 
junction of the superior and lateral parts of the occipital bone in 
the midline. The measurement is subject to some error of determina- 
tion due to the difficulty in locating accurately the posterior end- 
point. Injection increases this diameter 8.3 per cent and subsequent 
preservation in formalin enlarges it still further to 11.5 per cent at 
the end of the first month. Thereafter there is a gradual reduction, 
the increase after six months’ immersion over the measurement of 
fresh specimens being 7.7 per cent. 


TABLE 56 


ORBITO-AURICULO-SuBoccIPITAL DIAMETER Or Heap 
.I7Z5. CH (mm.)+ 2.0 MM.(556 CASES) 


Orbito -Auriculo- F 
nai 3 Ditt Calculated Values at 5cm. 
Suboccipital Diameler (mm.) | hee Number heres: s ou Heal Length 


Observed Calculated| (@) and (b) CH vale | Percent. 
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_ 
150-€00| 175.2 Mot SIL) 2 36.500 


200250! 2250 41.6 | 408 45.125 
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250300) 273.5 49.8 | 492 55.750 
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Table 56 gives our findings for this dimension. The fits of the 
calculated values to the corresponding observed averages for 5 cm 
intervals of crown-heel length, from 5 to 55 cm, inclusive, are very 
close. The average absolute deviations are less than 0.8 mm in all 
instances, and the average relative deviations are 2 per cent or 
less. . 

There seem to be no published observations on this dimension in 
the fetus or newborn. Our calculated value for this diameter at birth 
(estimated by the empirical formula with constants graphically 
determined, at 50.2 cm crown-heel length) is 8.9 em. 
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26. Circumference of Neck 
(Field Graph 26, Tables 57 and 58) 


This dimension is highly variable, being affected by a number of 
errors among which the more important are posture, effects of in- 
jection, congestion of the larger cervical veins, and, in material from 
this locality, congenital enlargement of the thyroid gland. Injection 


TABLE 57 


CIRCUMFERENCE or NECK 
33 CH(™™.) + 2.0mm. (ZTL CASES) 


Crown Heel Circumference of Neck(mm) | Difference Calculated Values at 5cm. 
between Numbertintervals of Crown Heel Length 
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causes an average increase of 18.4 per cent in this circumference. 
Subsequent immersion in formalin raises this increase to about 24 
per cent at four months. Thereafter there is a slight decrease to 


22 per cent at six months. 


TABLE 58 
AVERAGE CIRCUMFERENCE OF THE NECK AT BirTH 

AVERAGE AVERAGE NECK 

OBSERVER BODY-LENGTH CIRCUMFERENCE 
(cm) (cm) 
HEAsa les MALCR) et schegeg cae: oF oTY< 3 49.5 ; 20.0 
Peatailles (females)it cs asee se ei os 2 48.2 20.8 
Ouleteler anales)4 es. Pike es es 50.0 14.8 
Giureteler (eMiales hos ek orn chee wee 4 49.4 14.7 
Present series (calculated)............ 50E2 16.8 
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Table 57 summarizes our observations on this dimension. The 
deviations of the calculated from the observed means are not as 
great as might be expected from the highly variable nature of the 
material. The calculated values for the 5 cm intervals of crown-heel 
length, from 10 to 55 cm, inclusive, show average absolute deviations 
of nearly 3 to over 7 mm from the corresponding observed means. 
The relative deviations vary from nearly 8 to over 6 per cent. These 
deviations are most marked in the second, ninth, and tenth 5 cm inter- 
vals of crown-heel length. 

There seem to be no published observations on the circumference 
of the neck of the fetus. The natal values for this dimension are 
summarized in table 58. 


TABLE 59 


CALCULATED VALUES OF THE EXTERNAL DIMENSIONS OF THE HEAD AND NEcK 
Av Eacu Frve-CenTIMETER INTERVAL OF CROWN-HEEL Bopy-LENGTH 


Formulae | Calculated values (mm,)at crown-heel lengths of: 
b 10cm 15em.|COcm{25cm| 50cm! 35em40cn/45cm/50em. 


Occipito-frontal circumference 615 |+13.0|46.8|80.5|114.3}148.0,181.81215,51249.3685.0516.8;550.5 
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Bi-auricular diameter 16 + 2.0110.0| 16.0) 26.0| 34.0 42.0 50.0) 58.0! 600; 74.0 82.0 
Auriculo-vertex diameter . 18254+-4.5) 13.6) 22.8) 31.9 41.0, 50.1) 59,3) 684} 77.5) 66.6) 95.8 
Nasion-menton distance 105 }+ 0.5) 5.8) 11.0) 16.3) 21.5) C48) 32.0) 37.3) 42.5) 47.8) 53.0 
Vertical head heighr .CC15|+ 5.0! 16,427.68) 39.1 505 61.9} 73.3) 84.6) 96.0 107.4/118.8 
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III. Résumé and Discussion of Findings on the External 
Dimensions of the Head and Neck 


The empirical formulae (as determined by graphic methods) for 
the various circumferences of this portion of the body are all charac- 
terized by the fact that the second or b constant is positive. The 
empirical formulae for the diameters and distances of this region are 
likewise characterized by positive 6 constants with one exception, 


FIGURE 32 
THe GRowTH or THE ExTEerRNAL DIMENSIONS OF THE Hwap (As DETERMINED 
BY EMPIRICAL FORMULAE) IN THE FETAL PeRtop wiTH RESPECT 
TO GRowTH IN CrowN-HEEL LENGTH 
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Abscissa: Crown-heel length (em). Ordinates: External 
dimensions of the head and neck (mm). 


. Large circumference of the head 6. Occipito-frontal diameter 

. Occipito-frontal circumference 7. Occipito-mental diameter 

. Suboccipito-frontal circumference 8. Suboccipito-frontal diameter 

. Suboccipito-bregmatic circumference 9. Suboccipito-bregmatic diameter 
. Occipito-mental circumference 10. Bi-parietal diameter 


or WN eH 
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the orbito-auricular distance, whose empirical formula (as determined 
by graphic methods) has a zero b constant. 

The computed values for the various measurements of this group 
at 5 em intervals of body-length, from 5 to 50 cm, inclusive, are given 
in table 59, and curves based upon them are shown in figures 32 and 
33. The absolute and percentage increments of this group of measure- 
ments for each 5 cm interval of crown-heel body-length, from 5 to 
55 cm, inclusive, are presented in the special tables for the individual 
measurements included in the succeeding pages of this section. 

Table 60 gives the computed values of these dimensions at the 
close of each month of the fetal period, from three to ten months, 


TABLE 60 


CALCULATED VALUES OF THE EXTERNAL DIMENSIONS OF THE HEAD AND 
N&EcK AT THE CLOSE oF Hacn MonrH oF THE FETAL PERIOD 


Formulae Calculated values (mm.)at: 


Dimension ae 
9mo. 


.| Omo. 


5ma/Omo. 


4moa! 


Cai Le -frontal circumference 210.1|F49.6| 285.9 3199 
diameter .0| 40.5} 57.6} T2.6| 864; 920}1109) 122.0 
ace ae bregmatic circumference |. 3 113.1 | 1584 | 1985/35. 1 | 2687/5002 |329.6 
diameter 2 100 |CO.2| 37.1} 51.0) 644) To.1) 869) 96.9|1064 
sabes -frontal circumference 65 15.0 |61.0|116.0|103.1 (204.8 242.6|\2TT6)310.6 341.3 
diameter 215 + T.0 |22.2| 404) 5Q0| 69.8) 824) 9%9}104.6)114.9 
Can: -mental circumference 03 +920 |53.6 1069 152.6) 192.0 /€226 |CO2T (799.5 (525.3 
- diameter .235 +20 | 18.6| 38.5} 55.6) TA.6| 644; 97.0}1089)1CO0 


12 HOO |61.0| 1219) 174.1 | @202|26024 | 3011 357-4 |ST1A 
19 42.0 |15.5| 31.5| 45.3) 57.5| 686) TA8| 884) 97.4 
AOD 411.0 |4-4.1 | 83.6) 117.5) 147.5|174.9|200.012236|\A5.7 
LTS +3.5}15.9| 30.7! 434! 546) 64.8) 74.3} 63.1) 91.4 
A05 115.0 |47.9)| 87.3} 1210/1508) 1TA0'\2030 |2264'484 
09 1+4,5|€08)40.2| 509} TT! 85.1) 97.5|109.1 120.0 
. 1375+ 0.25) 9.9} C10) 31.60) 404| 484) 55.8) 62.8) 093 
10 +€.0|13.3) 209) 38.5) 4A7| 58.1| 66.7! 74.6] 82.3 
.18254+4.5 | 17.4| 329] 46.1) 57.6) 68.5) 78.3) 67.5) 96.1 
105 +05 | T.9| 160.8) 4A} 31.2) 37.3) 43.0)46.2) 53.2 
Vertical ead height -C2T5+50 | 21.1|404) 56.8) T14| 84.7! 97.0) 1084 |119.2 
Cre auricular dislance (Oro £ 00: 5.5) 16.0! 16 1 CLO GRE! 513550) 509 

suboccipilal diameter |. 5@4| 62.5) T1.T| 604| 88.6 
Neck circumference 984) LITT} 135.4 |152.1)/ 167-7 


Large circumference (menfon-lambda) 
Bi-parietal diameter 
Auriculo-vertex-auricular circumference 
Vertical auriculo-vertex distance 
Suboccipilo-vertex-nasion circumference 
Menton- bregma diameter 

Bi-malar distance 

Bi-auricular diameter 
Auriculo-vertex diameter 
Nasion-menton distance 


inclusive; and figures 34 and 35 show curves of the growth of these 
dimensions with respect to time. 
The calculated absolute and percentage increments of the various 
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dimensions of the head and neck in each month of the fetal period 
are shown in tables 61 and 62. In the fourth month the absolute 
increments range from 6.5 mm for the orbito-auricular distance, to 
60.9 mm for the large (menton-lambda) circumference. Most of the 
major circumferences of the head make a gain of 40 to 60 mm in this 
interval. The absolute increments in the sixth month range from 
5.0 mm for the orbito-auricular distance, to 46.2 mm for the large 
circumference. Most of the major circumferences increase between 
30 and 45 mm, and most of the major diameters make a gain of 
between 10 and 15 mm in thismonth. In the tenth month, the absolute 
increments range from 3.7 mm for the orbito-auricular distance, to 
34.1 mm for the large circumference of the head. 

The percentage increments in these dimensions in the fourth fetal 
month range from 82.0 for the suboccipito-frontal diameter and the 


FIGURE 33 
A SEconD Group oF CURVES ILLUSTRATING THE GROWTH OF THE EXTERNAL 
DIMENSIONS OF THE HEAD AND NECK (AS DETERMINED BY EMPIRICAL FORMULAE) 
IN THE FETAL PERIOD WITH RESPECT TO GROWTH IN CROWN-HEEL LENGTH 


ae Az 
200 
5 
150 
4 
5 
100 9 
8 
“WS 
ot 10 
7 11 
50h 
; 1¢ 


5 10 15 £0 9) 30 35 40 45 50cm. 


Abscissa: Crown-heel length (em). Ordinates: External 
dimensions of the head and neck (mm). 


1. Suboccipito-vertex-nasion circumference 7. Vertical-auriculo-vertex distance 
2. Auriculo-vertex-auricular circumference 8. Orbito-auriculo-suboccipital diameter 
3. Neck circumference 9. Bi-auricular diameter 
4, Menton-bregma diameter 10. Bi-malar distance 
5. Crown-menton distance (vertical head 11. Nasion-menton distance 
height) 12. Orbito-auricular distance 


6. Auriculo-vertex diameter 


138 GROWTH IN THE FETAL PERIOD 


suboccipito-vertex-nasion circumference, to 118.2 for the orbito- 
auricular distance. Six of the twenty-two dimensions increase be- 
tween 80 and 90 per cent in this month, eight increase between 90 and 
100 per cent, and eight increase over 100 per cent, or are more than 
doubled. By the sixth month the relative increments have undergone 
a marked decline, the average being a little over 25 per cent and the 
range from 24.6 per cent for the suboccipito-vertex-nasion circum- 
ference, to 28.1 per cent for the orbito-auricular distance. In the 
seventh month the percentage increments range from 18.0 for the 
suboccipito-vertex-nasion circumference to 20.0 for the orbito- 
auricular distance. In the last month of prenatal life all of the dimen- 
sions of the head and neck show an increase of about one-tenth, the 
range being from 9.7 per cent for the suboccipito-vertex-nasion cir- 
cumference, to 10.4 per cent for the orbito-auricular distance, the 
nasion-menton distance, and the bi-malar distance or diameter. 


TABLE 61 


CALCULATED ABSOLUTE INCREMENTS OF THE EXTERNAL DIMENSIONS OF THE 
Heap anp Neck In Hacu Monts oF THE FETAL PERIOD 


Absolute increments (mm.) in the: 


Dion ‘ne ions Othmo.| Tth mo.| Bthmo.| 9thmo. alOinine. 
Occipito-frontal circumference OL |. 469"), 455 | 59.5 | 505.) 340 | 9c0 
" “diameter [99s TOs le ieloonacOnlaloameolet 
SA Oe ies age circumference | 52.9 | 45.3 | 40.1 | 36.6 | 336 | 31.5 | 290 
diameter 169.) 1455) {ECT lOSen ion 9.5 
Suseeaie le -frontal circumference 90.07) ALT 4) (O08 855085 SL. 507 
diameter IGG 15.68 6s ICOnetLOmmlO Ou elG.e 
Coane -mental circumference 53.9 | 45.7 | 404 | 369 | 339 | 31.8 | 2928 
“diameter 19.9: 17.0) 15.0) |p Ia MeGe le LLG aietist 
Large circumference (menton-lambda) | 60.9 | 57.2 | 40.2 | 42.1 | 367 | 303 | 34.1 
Bi-parielal diameter 161 dee Ieee Ogre Ono O 
Auriculo-vertex-auricular circumference] 39.5 | 33.9 | 300 | 27.3 | 252 | 2360 | 22.1 
Vertical auriculo-vertex distance Voy | coe We lPaleve 5. ev i level |) fais) 
Suboccipito-verlex-nasion circumference! 39.3 | 33.7 | 29.6 | @T2 | 250 | 234 | 220 
Menton-bregma diameter - IO.) OTIS To 19 CAS Oso. 
Bi-malar distance tLOmr 10.08 50:6) 6.0) "a4 tt eOSninG:5 
Bi-auvricular diameter PDO OU 1055) 945) GOs resi CO 
Auriculo-vertex diameter DAS IS. Coe WOT AO Guo OG 
Nasion-menton distance O94) ‘CO 0. CN SO One oe oO 
Vertical head height 1S. 2a\ 16.5) 14 O77) IDS Ie Ce eiieon los 
Orbifo-auricular distance 6:5 DO8!) 15.0) |, 455 EA Cal on pent 
" " suboccipilal diameter 14.60 | 125 | 111] 101 | 93] 687] Be 
Neck circumference . CROs | TE5.9s| (GLE 19a MILO MOOD 
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The per cents of natal value attained by each dimension at each 
5 cm interval of crown-heel length from 5 to 50 em, inclusive, are 
shown in table 63. At 5 em crown-heel length this group of dimen- 
sions averages about one-eighth of the natal size, the range being 
from 10.0 per cent for the orbito-auricular distance, to 15.5 per cent 
for the suboccipito-vertex-nasion circumference and the suboccipito- 
frontal diameter. At 25 cm crown-heel length most of the cephalic 


FIGURE 34 


THE GROWTH OF THE EXTERNAL DIMENSIONS OF THE HEAD (AS DETERMINED 
BY EmprricaL FoRMULAE) wiTH Respect To AGE IN THE FreraLt PERIOD 
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Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Scammon and Calkins). Ordinates: External 
dimensions of the head (mm). 

1. Large circumference of the head 


2. Occipito-frontal circumference 

3. Suboccipito-frontal circumference 
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. Occipito-frontal diameter 

. Occipito-mental diameter 

. Suboccipito-frontal diameter 

. Suboccipito-bregmatic diameter 
. Bi-parietal diameter 


. Suboccipito-bregmatic circumference 
. Occipito-mental circumference 
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= 


140 GROWTH IN THE FETAL PERIOD 


and cervical measurements have attained a little over one-half of 
their natal dimensions, the range being from 50.0 per cent for the 
orbito-auricular distance, to 53.1 per cent for the suboccipito-vertex- 
nasion circumference and the suboccipito-frontal diameter. At 45 em 
crown-heel length most of these dimensions have completed about 
nine-tenths of their prenatal growth, the range being from 90.0 for 
the orbito-auricular distance, to 90.6 for the suboccipito-vertex-nasion 
circumference and the suboccipito-frontal diameter. 

The same values calculated with respect to time are shown in 
table 64. At three fetal months most of the cephalic and cervical 
dimensions have attained from one-seventh to one-fifth of their natal 


TABLE 62 


CALCULATED PERCENTAGE INCREMENTS OF THE EXTERNAL DIMENSIONS 
OF THE Hap AND NeEcK IN HacuH MontTuH OF THE FETAL PERIOD 


Di : | Percentage increments in the: 

aes ‘[4tomal 5thmo.] 6thmo] Tth mo] 8thmo] 9thmo,|1Othmo. 

: ——— st 
Occipito-frontal circumference T 939 | Al5 | COO) 186+)" 14.5) 11-971 10:0 
" “diameter 96.6) -4E0 | GO.6 1109 1467 elo 10:0 
SEE bregmatic circumference | 8L.T | 40.1 | 253) 184 | 14.3 | 117 | 9.9 
: diameter OT 9 tA Os 1O.ce) 14-67 116 a9:5 
CNN -frontal circumference 90.2 | 40.0 | 25.60 | 180] 144] 11.6] 99 
diameter OGON) 5S.6) AON Ol 14s ho Ont 
Sadie -mental circumference SO4EAaT (96054) 19.19) 14.0) fet 10st 
diameter 10107442 1 CLO 19.45) 14-94 tec | 10.c 
Large circumference (menton lambda) | 99.6 | 42.8 | 265 | 19.1 | 14.7) 121 | 10.1 
Bi-parietal diameter 1049.) 43.6.1 20.9.) 19-3 014.9.) IC.e- 4106 
Auriculo-vertex-auricular circumference| 89.6 | 40.60 | 25.5 | 18.5 | 144} 116) 9.9 
Vertical auriculo-vertex distance O9N VALA |) 65.6 10.0 14 Seto 1Oo 
Suboccipito-vertex-nasion circumference} 82.0 | 38.6 | 74.6 | 16.0 | 14.0] 11.5} 9.7 
Menton- bregma diameter O95. |- 41-9100 7.071210.08) 114.6 elo aOlO 
Bi-malar distance {ITC 46054 266) 19:6) | 15.59) LEA Oe 
Bi-auricular diameter 101 Aa COO Goa 14.62 1c OnmlOc 
Auriculo-vertex diameter 88.5 | 40.1 | 254 | 185} 14.3) 11.7) 9.8 
Nasion-menton distance MET AS24 CL5 Wi1OOWI5.O TG, alO.4 
Vertical head height OVONVAOG "RCS EV M1O.O 144 OOO 
Orbilo-auricular distance HOC WAG 26.1 6007 15:51) 16 Soa 
“ svboccipital diameter | 102.6 | 434 | 26.9 | 19.3 | 14.9] 121) 102 
Neck circumference 10987) 445 CID 190 1D ale Su O.9 


size. The range is from 14.1 per cent for the orbito-auricular distance» 
to 19.3 per cent for the suboccipito-vertex-nasion circumference and 
suboccipito-frontal diameter. At six months the external dimensions 


DIMENSIONS OF THE HEAD AND NECK 141 


of the head and neck are approximately three-fifths of those of the 
newborn, ranging from 58.1 per cent for the orbito-auricular distance 
to 60.7 per cent for the suboccipito-vertex-nasion circumference and 
the suboccipito-frontal diameter. At nine months all of these values 
are slightly over nine-tenths those of the fullterm, newborn child, 
the exact range being from 90.5 per cent for the orbito-auricular 
distance, to 91.2 per cent for the suboccipito-frontal diameter. 

Table 65 shows the computed relative size of the various external 
dimensions of the head and neck at successive 5 cm intervals of 
crown-heel length from 5 to 50 cm, inclusive. All of these dimensions 
show a decrease in relative size in the fetal period with the exception 
of the orbito-auricular distance which maintains a constant ratio to 
the crown-heel length. At 5 em crown-heel length the suboccipito- 


FIGURE 35 
A SEconp Group or CurviEs ILLUSTRATING THE GROWTH OF THE EXTERNAL 
DIMENSIONS OF THE HAD AND NEcK (AS DETERMINED BY EMPIRICAL 
FORMULAE) WITH RESPECT TO AGE IN THE FETAL PERIOD 
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Abscissa: Age in fetal or lunar months( as determined from the crown-heel 
length by the empirical formula of Scammon and Calkins). Ordinates: External 
dimensions of the head and neck (mm). 


1. Suboccipito-vertex-nasion circumference 7. Vertical-auriculo-vertex distance 
2. Auriculo-vertex-auricular circumference 8. Orbito-auriculo-suboccipital diameter 
3. Neck circumference 9. Bi-auricular diameter 
4. Menton-bregma diameter 10. Bi-malar distance 
5. Crown-menton distance (vertical head 11. Nasion-menton distance 
height) 12. Orbito-auricular distance 


6. Auriculo-vertex diameter 
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frontal circumference is equal to 95.0 per cent of the total body- 
length, and the values for the various other dimensions range down- 
ward from this figure to 7.8 per cent for the orbito-auricular distance. 
At 25 em crown-heel length the large circumference has the largest 
relative size (76.0 per cent) of any of the dimensions of this group, 
and the orbito-auricular distance is the smallest (7.8 per cent). 

50 cm the large circumference is equivalent to 74.0 per cent of the — 


TABLE 63 
Per CrentT oF Natat VALUE ATTAINED BY: HacH EXTERNAL DIMENSION OF 
THE Heap AND N&cK aT Hacu FIvE-CENTIMETER INTERVAL OF 
CrowNn-HEEL LENGTH 


Dineen Percentage of natal value at crown-heel lengths of: 


5m. [10cm] 15cm] 20cm 25cm) 30cm/35cm./40cm/45em]50cm. 


Occipito-frontal circumference 13.3 | €3,0} 352.6 |42.2| 51.9) 61.5} T1.1 | 60.7) 90.4|100.0 
: “diameter 15.0 | 02.6) 32.3 |A2.0} 51.7 }61.3} T1.0| 80.7| 904 |100.0 
Suboccipito-bregmatic circumference | 14.4 | C3.9|33.4|42.9/ 52.5| 61.9} T1.5| 81.0| 90.5 100.0 
“ : diameter 15.1 | €4.5|34.0|43.4 | 52.8] 02.3) TLT|61.1}906 |1000 
Suboccipiio- -frontal circumference —_| 14.0|£3.5|33.1|42.6| 52.¢ |61.8} T1.3| 809/904 |1000 
‘diameter 15.5 | C49 | 34.3|43.T| 53.1 | 624) T1.9| 81.2/90.T 1000 
Occipito-mental circumference {2.5} €2.2)31.9|)41.7| 514|61.1| T08| 80,6) 9031000 
s “diameter 11.5 | 21.3|312}41.0| 509/607} 70.5|803|90.2 100.0 
Large circumference (menton-lambda) | 12.4 | 22.2 | 31.9|41.6] 514 |61.1| T0.8|80.5) 903 1000 
Bi-parietal diameter 11.9 |21.6| 314) A1.2| 510/608) T0.6|804) 902 1000 


Auriculo-vertex-auricular circumference] 14.1 | 23.6 |33.1|42.T| 52.2 |61.8| T14 |009| 904 |1000 
Vertical auriculo-vertex distance 15.5 | @3.0| 32.7|42.3| 52.0| O1.5| 71.2 |808) 904 11000 
Suboccipilo-verlex nasion circumference 15.5 | 24.8) 34.3| 43.6) 53.1|624| T1.6| 81.2 |90.6|100.0 


Menton-bregma diameter 13.4 | 23.0) 32.6|42.3 | 51.9/61.5| T1.1 | 60.8|904 1000 
Bi-malar distance 10.3 | 20.3 | 30.3| 403) 50.1 |60.1| TA.1 | 80.1|/90.0/100.0 
Bi-auricular diameter (2.2 | 22.0) 31.7/41.5| 51.2 | 61.0} TO.7 |80.5|90.2 11000 
Auriculo-vertex diameter [4.2 | 23.8| 33.3)42.8) 52.3 | 61.9] T14|809|904 |1000 
Nasion -menton distance 10.9 | 20.8) 30.T|40.6| 50.5| 604] 70.3 | 60.2'9Q1 100.0 
Vertical head height 15.8} C3.4| 32.9)42.5| 52.1 | O1.7| T1.2 |60.8) 904 1000 
Cane. auricular distance {0.0 | 20.0} 30.0|40.0| 50.0| 60.0} T0.0| 800) 90.0/1000 

" suboccipital diameter| 1€.0| 1.9) 31.0|41.3| 51.1 |60.9| TOT| 604 | 90.1 1000 
fie circumference 11.1} C10} 30.8)40.7 | 50.60 |60.5| T04 | 80.2 90.1 1000 1000 


body-length and the relative values of the other dimensions range 
between this figure and 7.8 per cent for the orbito-auricular distance. 

The computed relative sizes of these dimensions at the close of 
each month of the fetal period are shown in table 66. They show the 
same characteristic changes as those just described and need no 
special comment. Figures 36 and 37 present curves showing these 
changes graphically. 
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The dimensions of most interest in this connection are those 
representing the vertical growth of the head region. These are 
vertical head height (crown-menton distance), the nasion-menton 
distance, and the vertical-auriculo-vertex distance. The computed 
vertical head height forms approximately one-third (32.8 per cent) 
of the total body-length at 5 em crown-heel length, approximately 


FIGURE 36 


THE CHANGES IN THE RELATIVE SiZE OF THE EXTERNAL 
DIMENSIONS OF THE HEAD IN THE FETAL PERIOD 
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Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Scammon and Calkins). Ordinates: Relative 
values of the external dimensions of the head expressed as per cents of the crown- 
heel length. 

. Large circumference of the head 6. Occipito-frontal diameter 

. Occipito-frontal circumference 7. Occipito-mental diameter 

. Suboccipito-frontal circumference 8. Suboccipito-frontal diameter 

. Suboccipito-bregmatic circumference 9. Suboccipito-bregmatic diameter 
. Occipito-mental circumference 10. Bi-parietal diameter 


Or WN 
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one-fourth (24.8 per cent) at 25 cm, and a little less than one-fourth 
(23.8 per cent) at 50 cm. At three fetal months the vertical head 
height is 29.8 per cent of the total body-length, at six months, 24.5 
per cent, and at birth, 23.7 per cent. The vertical-auriculo-vertex 
distance shows less change. It is a little less than one-fourth of the 
body-length (24.6 per cent) at 5 em crown-heel length, less than 
one-fifth (18.9 per cent) at 25 em, and 18.2 per cent at 50 cm, or, 
considered with respect to time, it is 22.5 per cent at three months, 


TABLE 64 


Per Cent or NatTau VALUE ATTAINED BY HACH EXTERNAL DIMENSION OF THE 
HEAD AND NECK AT THE CLOSE oF Hacuh MontTH OF THE FETAL PERIOD 


— 

Percentage of natal value at: 

Dimension 

mo. Amo. | Smo. 6ma.| Tmo. |8mo.|9mo. |lOmo. 
Occipilo-frontal circumference If55)-52.5 | 414.) OO TeiMOOs GL en OOS OOO 
“ diameter 16.9 | 33.2 | AT.2 | 595 | TA8 | 61.1 | 909 |100.0 
Sulbeaci lis bre§matic circumference | 18.3 | 34.3 | 460 | 602 | T1.3 | 61.5 | 91.0 100.0 
" diameter 19.0 | 349 | 48.5 | 60.5 | T1.5| 61.7 | 91.1 1000 
SUES PEN Ge frontal circumference 179 | 340 | 4T.6 | 600 | T1.1 | &14 | 91.1 1000 
diameter 19.3 | 35.2 | 48.6 | OOT | TLT | 61.7 | 91.2 \L000 
See Mer -mental circumference 16.5 | 329 | 409 | 59.3 | TO.6 | 81.1 | 906 |1000 
diameter 15.5 | 32.1 | 46.3 | 58.8 | TO.3 | 608 | 908 [1000 
Large circumference (menton-lambda) | 164 | 37.8 | 469 | 59.3 | TOT | 811 | 90.8 \L[000 
Bi- parietal diameter 15.9 | 32.3 | 46.5 | 58.8 | 70.4 | 609 | 90.8 100.0 


Auriculo-vertex-auricular circumference | 17.9 | 34.0 | 47.6 | 00.0 | T1.2| 81.4 | 91.0 100.0 
Vertical auriculo-vertex distance 1T.2 | 33.0 | AT.5 | 59.7 | TO.9| 61.3 | 909 11000 
Suboccipilo-verlex-nasion circumference} 19.3 | 35.1 | 46.1 | 60.7 | T1-7 | 61.1 | 91.1 L000 


Mentlon-bregma diameter 17.3 | 33.5 | ATA | 59.8 | TO.9| 613 | 909 |1000 
Bi- malar distance 14.¢ | 31.2 | 45.6 | 583 | 698) 605 | 90.6 |10Q0 
Bi-auricular diameter 16.2 | 32.T | 46.8 | 59.2 | TO.0| 81.0 | 909 |1000 
Auriculo-vertex diameter 16.1 | 34.2 | 48.0 | 60.2 | T1.3| 61.5 | 91.1 |1000 
Nasion-menton distance 14.8 | 31.60 | 45.9 | 58.6 | 70.1 | 808 | 90.6 |1000 
Vertical head height IT.T | 33.9) ATT | 59.9 | T1.1) 614 | 90.9 |1000 
Orbito- auricular distance 14.1 | 308 | 45.5 | 58.1 | 699 805 | 90.5 |1000 

: suboccipilal diameter) 16.0 | 32.5 | 46.6 | 59.1 | TO.5 | 809 | 90T |100.0 
Neck circumference 15.1 | 31.6 | 400 | 5&7 | TO2 | BOT | 9OT |1000 


18.7 per cent at six months, and 18.2 per cent at birth. The com- 
puted nasion-menton distance shows still less modification in the 
fetal period. It forms 11.6 per cent of the body-length at 5 em crown- 
heel length and decreases to 10.6 per cent at 50 cm, or considered 
with respect to time, it is 11.2 per cent at three months, 10.7 per cent 
at six months, and 10.6 per cent at birth. 
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Some interesting results are obtained by the computation of the 
absolute and relative head moduli in the fetal period. One of these 
moduli is computed by adding the transverse are of the head 
(auriculo-vertex-auricular circumference) and the occipito-frontal cir- 
cumference and dividing the result by two. The values obtained in 
this way are: 40.6 mm at 5 cm crown-heel length, 154.9 mm at 


FIGURE 37 


A SEconD Group oF CurvEs ILLUSTRATING THE CHANGES IN THE RELATIVE 
SIZE OF THE EXTERNAL DIMENSIONS OF THE HEAD AND 
NECK IN THE FETAL PERIOD 


W NR 


 OOONG Os 


3 4 D 6 (6 8 9 10mo. 


Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Scammon and Calkins). Ordinates: Relative 
values of the external dimensions of the head and neck as per cents of the crown- 
heel length. 


1. Suboccipito-vertex-nasion circumference 7. Vertical-auriculo-suboccipital diameter 
2. Auriculo-vertex-auricular circumference 8. Orbito-auriculo-suboccipital diameter 
3. Neck circumference 9. Bi-auricular diameter 
4. Menton-bregma diameter 10. Bi-malar distance 
5. Crown-menton distance (vertical head 11. Nasion-menton distance 

height) 12. Orbito-auricular distance 


6. Auriculo-vertex diameter 
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25 cm, and 297.7 mm at 50 cm. With respect to time they are, 52.5 
mm at three fetal months, 178.8 mm at six months, and 298.8 mm 
at ten months or birth. This modulus is equivalent to 81.2 per cent 
of the total body-length at 5 em crown-heel length, 62.0 per cent at 
25 cm, and 59.5 per cent at 50 cm; and to 74.2 per cent at three fetal 
months, 61.2 at six months, and 59.5 at ten months or birth. The 
calculated relative values, when computed in terms of the crown- 
rump length or sitting-height are 106.8 at 5 em crown-heel length, 


TABLE 65 
RELATIVE SIZE OF THE EXTERNAL DIMENSIONS OF THE HkrAap AND NEcK 
(CoMPUTED AS PmR CENTS OF THE CROWN-HEEL LENGTH) aT EAcH 
Five-CENTIMETER INTERVAL OF CROWN-HEEL LENGTH 


Berri ea 8 8, SOP es eee eee ee 
Per cent. of total (Crown-heel) length at: 


Dimension } ieteet 
5cm. lOcm. 15cm. COcm 05cm. 30cm/55cm/40cm!45cm/50cm. 
Occipifo-frontal circumference 93.6| 80.5) 76.2 | 74.0 | 72.7 | 71.8) TLC | 70.8 | 704 | 70.1 
“ diameter 31.61 27.5|26.2'25.5| 05.1 |4.8) C4.T| C4.5| 44 04.35 ° 


Suboccipito-bregmatic circumference |94.6| 78.3| T3.C | 70.5 | 68.9 | O78) OF 1 |66.5|66.1|65.7 
" " diameter 32.0} 20,0} €4.0| 23.0 | C24 \22.0) 21.7] 21.5| 21.3) 21.2 
Suboccipilo-frontal circumference | 95.0|60.0) 15.0} T2.5 | 71.0 | 70.0] 62.3 | 08.8 |68.3/68.0 


" “diameter 99.6)'€6.9'| C6.6} C50) A958 | C5) C5:5 CO. ClO 
Occipito- mental circumference 81.0) T2.0| O20) GT.5 | 66.6 660} 65.6 | 65.3 | 65.0) 64.8 
" diameter 21.0) C5.5 | (A9| €4.5 | C43 | 4.0] A.1 | 4.0) A.0)23.9 
Large circumference (menton-lambda) |92.0| 82.0| T&T) TO} T6.0| 75.3| 14.9} T4.5| 74.¢ | 74.0 
Bi-parietal diameter 23.0} 21.0} 20.3} 20.0} 19.8} 19.7] 19.6] 19.5 | 19.4] 19.4 


Auriculo-vertex- auricular circumference |08.8} 57.6 | 54.1 | 52.3} 51.2|504|49.9 49.5 49.2 49.0 
Vertical auriculo-vertex distance 74.6} 21.0} 19.9) 19.3 | 18.9) 18.7) 18.5} 164 | 18.3} 18.2 
Suboccipilo-vertex-nasion circumference | 70.0] 61.5 | 50.5) 54.0) 52.5 | 51.5) 50.8) 50.3) 49.8 49.5 


Menfon-bregma diameter 32.0 | CT.5 | C0.0| 25.3 | C4.8| 4.5) 24.3) A.1|4.0| 23.9 
Bi-malar dislance 14.2 | 14.0} 13.9] (3.9 | 13.6} 13.8} 13.8) 13.8} 13.8) 13.8 
Bi-auricular diameter 20,0} 18.0] 17.3} 17.0 | 16.8} 16.7) 16.6} 16.5) 16.4 | 164 
Auriculo-vertex diameter C7.C | 22.8) 21.3 | 20.5 | 20.0) 19.8} 19.5 | 19.4 | 19.2] 19.2 
Nasion-menton distance 11.6] 11.0} 10.9] 10.8 | 10.7) 10.7) 10.7 | 10.6 | 10.6] 10.6 
Vertical head heighr 32.6) CT.8| 26.1) C53 | C4.8| AA C4.2| 74.0] 23.9) 23.8 
Orbifo-auricular distance 1G0)| IGS) TKO TE Ts) TOS 146) TESS! TES Tee} 

" “ suboccipital diameter }21.2 | 19.3 | 18.6] 18.3 IG.OMTONTGIIZONCOIeT, 
Neck circumference 31.0) 35.0| 34.3) 34.0) 33.8 | 33.7 | 55.6) 53.5 | 3354 | 334 


91.1 at 25 cm, 88.9 at 50 cm. With respect to time, these calculated 
relative values are 101.5 at three fetal months, 90.4 at six months, 
and 88.8 at ten months or birth. The absolute and relative values 
of this modulus have also been computed by Streeter, who, however, 
used the sitting-height only in his determinations. At the end of 
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the twelfth week Streeter obtained an average absolute modulus 
of 59 mm, with a minimum value of 56.2 and a maximum value of 
62 mm and a percentage modulus of 96.7. Our computed absolute 
modulus at three fetal months is 52.5 mm and the percentage modulus 
is 101.5. ‘At the end of the twenty-fourth week Streeter’s average 
absolute modulus is 189 mm, with a minimum of 180 and a maximum 
of 199 mm, and his percentage modulus is 90.8. Our computed figures 


TABLE 66 
RELATIVE S1zE OF THE EXTERNAL DIMENSIONS OF THE HEAD AND NECK 
(CompuTED AS PER CENTS oF THE CRrOowN-HEEL LENGTH) 
AT THE CLOSE oF Each MonrtuH OF THE FETAL PERIOD 


: : Per cent. of total Crown-heel) length at: 
Dimension a 

3mo.|4mo.| 5mo.| 6 mo.| Tmo.| 8 mo.) 9 mo.|10 mo. 
Occipito-frontal circumference OD OO? WTOC WICO (the OO O44) (Ol 
as “diameter 29.1 | 26.1 | 253 | 74.9 | P47 | 745 | A4 | 74.3 
Suboccipilo-bregmatic circumference | 85.2 | 72.8 | 69.5 | 680 | 67.1 | 665 | 600] 65.7 
" " diameter COOs G9 VECO UCC ELTA ELounGl on Chie 
Suboccipito-frontal circumference 86.C | 4.6 | T1.6 | TO.! | 693 | O87 | 68.3 | 68.0 
" «diameter IIA) 00.0 | 4.6 | 23.9" 23:5 | CRE 1565.0) CLS 
Occipito-mental circumference T5.T | 68.8 | OT.O | 66.1 | 65.6 | 65.2 | 65.0 | 64.8 
" “diameter £03 | 4.8 | FAA | 42 | 4.1 | 04.0 | 23.9 | 23.9 
Large circumference (menion-lambda) | 86.0 | T84 | TOA | T5A | 74.9 | 74.5 | 74.2 | T4.0 
Bi-parietal diameter £1.9 | 20.3 | 19.9 | 19.7 | 19.0 | 19.5 | 19.4 | 19.4 
Auriculo-vertex-auricular circumference | 62.3 | 53.8 | 51.6 | 50.5 |49.9 |49.5 | 49.2 | 48.9 
Vertical auriculo-vertex distance €6:5)) 19:6) 19:0 16.7 165-1 164 |) 16.5: 16:6 
Suboccipito-vertex-nasion circumference | 67.6 | 56.2 | 53.1 | 51.6 | 508 | 50.2 | 49.6 | 49.5 
Menton-bregma diameter £94 | 25.9 | £50 | 4.0 | 4.3 | 4.1 | A.0 | 239 
Bi-malar distance IA O99 19:9") 19.0219. 15.64 13:6. 1156 
Bi-auricular diameter 16.9 | 17.3 | 10.9 | 167 | 16.6 | 16.5 | 16.5 | 1o4 
Auriculo-vertex diameter A.6 | 21.2 | 20.2 | 19.8 | 19.5 | 194 | 192 | 19.1 
Nasion-menton distance 11.2 | 10.8 | 10.7 | 107 | 10.6 | 10.6 | 10.6 | 10.0 
Vertical head height 09.8 | €0.0 | 49 | A.5 | 4.2 | 4.0 | 23.8 | 03.7 
Orbilo- auricular distance (One eOu UO: \ L.0ul GOW o.Oate 1.0.) ee 
" : suboccipifal diameter| 20.1 | 18.5 | 16.1 | 17.9 | 17.8 | 17-7 | IT.7 | 17.0 
Neck circumference OE IAS 5.955. 1 | DD,O-uR DDD POI. LIF 


at this age (six fetal months) are 178.8 mm and 90.4 per cent, respec- 
tively. At the close of the fortieth week Streeter’s average absolute 
modulus is 301 and his percentage modulus is 82.1. Our computed 
values at this stage are 298.8 mm and 88.8 per cent. These figures 
show the same general tendency, although our absolute figures are 
somewhat below Streeter’s throughout the series while our relative 
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values are somewhat greater in the first and the last part of the fetal 
period. Considering, however, the radical difference in the methods 
used in computing these figures, the possible technical divergencies 
in obtaining the measurements, the racial differences in the material, 
and the fact that we have made corrections for our formalin artifacts 
and natal head moulding, the agreement between the two series of 
figures is a rather striking one. 

We have also computed a second cephalic modulus by adding the 
occipito-frontal diameter to the bi-parietal diameter and the vertical- 
auriculo-vertex distance and dividing the result by three. The values 
thus obtained are: 14.6 mm at 5 cm crown-heel length, 58.1 mm at 
25 cm, and 112.4 mm at 50 cm; and, with respect -to age, 19.1 mm 
at three fetal months, 67.2 mm at six months, and 112.9 mm at ten 
months or birth. The relative values of this modulus computed in 
terms of the crown-heel body-length are: 29.2 per cent at 5 cm crown- 
heel length, 23.2 per cent at 25 cm, and 22.5 per cent at 50 cm; and 
with respect to time: 27.0 per cent at three months, 23.0 per cent at 
six months, and 22.5 per cent at ten months or birth. 

Schultz has computed a somewhat similar cephalic modulus adding 
the greatest length, the greatest width, and the height of the head, 
and dividing the total of these measurements by three. From this 
he has computed an index by dividing the values by the trunk length 
and multiplying the result by 100. We have computed similar figures 
from our calculated values and find this index to be 89.7 per cent at 
three months, 80.7 per cent at six months, and 71.5 per cent at ten 
months or birth. Schultz found this index to average 95 in fetuses of 
nine weeks and to decrease throughout growth, reaching 57 at birth. 
Our figures agree with his in their general trend although we find less 
change than he noted. As in the case of Streeter’s figures, it is possible 
that this divergence is due to a number of factors such as racial 
differences in material, differences in methods of making measure- 
ments and estimating corrections for formalin artifacts, and the 
like. 

The changes in relative proportions of the cranial part of the head 
may be followed by certain simple indices. Using our computed values 
as determined from the formulae established by graphic methods, we 
find the cephalic index is 72.8 at 5 em crown-heel length, 78.8 at 
25 cm, and 79.8 at 50 cm; or, 75.2 at three fetal months, 79.2 at six 
months, and 79.8 at ten months. The indices as computed from the 
values obtained by the method of averages and the method of least 
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squares show still smaller increases in the fetal period. Thus appar- 
ently the calvarium is becoming relatively broader in the fetal period, 
but the increase is so small and the variability in the individual 
measurements of these two dimensions so great that we regard the 
finding as inconclusive. The observation is not in agreement with 
that of Schultz, who found a decided decrease in the index between 
the third fetal month and birth, although our computed figures and 
his average ones are approximately the same for the newborn. 

The height of the head may be compared with its length by dividing 
the computed vertical-auriculo-vertex distance by the computed 
occipito-frontal diameter and multiplying the result by 100. The 
figures thus obtained are: 77.8 at 5 em crown-heel length, 75.3 at 
25 cm, and 74.9 at 50 cm; or, 77.2 at three fetal months, 75.2 at six 
months, and 74.9 at ten months. Thus the head is apparently becom- 
ing slightly longer in proportion to its height during the fetal period. 

Comparing the height of the head with the breadth, by dividing 
the computed vertical-auriculo-vertex distance by the computed bi- 
parietal diameter and multiplying the result by 100, the values ob- 
tained are: 107.0 at 5 cm crown-heel length, 95.6 at 25 cm, and 93.8 
at 50 cm; or, 102.6 at three fetal months, 95.0 at six months, and 93.8 
at ten months or birth. Thus apparently the head is becoming 
broader in proportion to its height in the fetal period. 

We have measured relatively few dimensions of the facial region 
in this study, but we may compare the relation of the face height to 
face breadth by dividing the computed nasion-menton distance by 
the computed bi-malar diameter and multiplying the result by 100. 
The figures thus obtained are: 81.7 at 5 cm crown-heel length, 77.5 
at 25 cm, and 76.8 at 50 cm; or, 79.8 at three fetal months, 77.2 at six 
months, and 76.8 at ten months or birth. These figures indicate that 
there is a slight increase in the relative breadth of the face in the fetal 
period. 

The orbito-auricular distance, although not a true measure of the 
depth or antero-posterior diameter of the face, may perhaps be used 
to obtain a rough approximation of the facial growth in this axis. 
When this distance is compared with the computed face breadth by 
dividing it by the computed bi-malar diameter and multiplying the 
result by 100, we obtain values of 54.9 at 5 cm crown-heel length, 
56.1 at 25 cm, and 56.2 at 50 cm; or, 55.6 at three fetal months, 55.9 
at six months, and 56.1 at ten months or birth. 


150 GROWTH IN THE FETAL PERIOD 


When the depth of the face is compared with its length by dividing 
the orbito-auricular distance by the nasion-menton distance and 
multiplying the result by 100 the following indices are obtained: 
67.2 at 5 em crown-heel length, 72.4 at 25 em, and 73.2 at 50 cm; 
and, 69.6 at three fetal months, 72.4 at six months, and 73.1 at ten 
months or birth. These figures indicate that the face is growing 
slightly more rapidly in the antero-posterior direction than in the 
transverse, and distinctly more rapidly in the antero-posterior axis 
than in the cranio-caudal. re es a ee 

Certain indices may also be used for the purpose of estimating the 
proportionate growth of the cranial and the facial portions of the 
head region. The growth in the cranio-caudal direction may be esti- 
mated by comparing the face height with the height of the calvarium, 
by dividing the computed nasion-menton distance by the computed 
vertical-auriculo-vertex distance and multiplying the result by 100. 
The indices obtained are: 47.2 at 5 cm crown-heel length, 56.7 at 
25 cm, and 58.2 at 50 cm; and, 49.7 at three fetal months, 57.1 at 
six months, and 58.2 at ten months or birth. These findings agree 
very closely with those of Schultz. 

A second index that may be used in this comparison is one made 
by dividing the computed nasion-menton distance by the computed 
vertical head height (crown-menton distance) and multiplying the 
result by 100. The figures thus obtained are: 35.4 at 5 em crown-heel 
length, 43.38 at 25 em, and 44.6 at 50 cm; and, 37.4 at three fetal 
months, 43.7 at six months, and 44.6 at ten months or birth. It will 
be noted that the nasion-menton distance is forming an increasingly 
large per cent of the vertical-auriculo-vertex distance and the vertical 
head height, indicating a more rapid relative growth of the facial 
than of the cranial or neural part of the head in the fetal period. 

We may compare the growth in breadth of the face with the growth 
in head breadth by dividing the computed bi-malar diameter by the 
bi-parietal diameter and multiplying the result by 100. This index is 
61.7 at 5 cm crown-heel length, 69.9 at 25 em, and 71.1 at 50 cm; and, 
63.9 at three fetal months, 70.3 at six months, and 71.1 at ten months 
or birth. These figures show that the breadth of the face is increasing 
relatively more rapidly in the period than is the breadth of the head. 

While we have measured no dimensions that give a really satis- 
factory measure of the antero-posterior growth of the face and head, 
some idea of the relative changes in this axis may be obtained by 
dividing the orbito-auricular distance by the orbito-auriculo-sub- 
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occipital diameter and multiplying the result by 100. The figures 
for this index are: 36.8 at 5 em crown-heel length, 43.0 at 25 em, and 
43.9 at 50 cm; or, with respect to time, 38.7 at three fetal months, 
43.1 at six months, and 48.9 at ten months or birth. From these it 
appears that the growth of the face in the antero-posterior axis in 
the fetal period is relatively more rapid than that of the head in this 
axis. Thus all of the comparative figures on the growth of the facial 
and cephalic portions of the head indicate that the former grows 
relatively more rapidly than the latter in the fetal period. 


Palade Ay’ 


SUMMARY OF FINDINGS ON THE EXTERNAL 
DIMENSIONS OF THE TRUNK 


I. Introductory Note 


Twenty-two dimensions of the trunk, exclusive of the pelvis, were 
measured in this study. Of these 17 were linear dimensions and 5 
were circumferences. Seven of the linear dimensions were transverse 
diameters, 4 were antero-posterior or dorso-ventral diameters, and 
6 were cranio-caudal or ‘‘vertical’”’ distances. Of the last group only 
one, the distance from the sternal notch to the pubis, is approximately 
parallel to the vertical longitudinal axis pf the body. The others are 
cords subtending curving segments of the body that extend antero- 
posteriorly as well as cranio-caudally. 

Two dimensions, the distance from the sternal notch to the pubis 
and the distance from the sternal notch to the umbilicus, involve both 
the thorax and the abdomen; 10 are primarily measurements of the 
thorax; and 10 are measurements of the abdomen proper, the dimen- 
sions at the level of the tenth pair of ribs being included in this cate- 
gory. 

Three dimensions, the bi-acromial diameter, the bi-deltoid cir- 
cumference, and the bi-deltoid diameter, include a part of the thorax 
and a portion of the upper extremity, but since the thorax contributes 
the greater part to their makeup, and they show the same type of 
growth as other dimensions of the trunk, we include them with the 
trunk measurements. 


II. Consideration of Individual Dimensions* 


27. Bi-Acromial Diameter 
(Figure 38, Field Graph 27, Tables 67, 68, and 175) 


This measurement was taken as a straight line in the transverse 
plane between the most lateral points of the acromial eminences. 
The measurement is a fairly constant one, the chief source of error 
lying in the anterior rotation of the shoulders which sometimes occurs 
in the delivery of large infants. The dimension requires little or 
no correction for formalin fixation or injection. 


* The plan used in preparing the following summaries is described in Part I, 
Section IV (p. 54) of this monograph. 
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TABLE 67 ey 


Br-AcRomiaL DIAMETER OF TRUNK 
.225 CH (mm) + 0.0MM.(276 cases) 


i-Acromial Diameter (mm. Difference 
aS oe between |Number 


Observed Calculated @)end(b) | of 


Fae GR ERnTay ean ies acre 


ax. | Min. \Mean(a) mm. Percent. 
aig eee 
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Sb eS 
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81.5 85.1 


a 95.7 


{07.5 
128.1 


The results obtained from study of this diameter are summarized 
in table 67. The fit of the straight line curve to these data is a fairly 
close one. The average absolute deviations for the 5 cm intervals 


FIGURE 38 


THE GROWTH OF THE Br-AcROMIAL DIAMETER OF THE TRUNK IN 
THE FetTaL PerR1oD AS DETERMINED BY VARIOUS OBSERVERS 


Calculated 


—————) Michaelis 


O 50 {00 {50 raele) £50 300 550 400 450 500 550mm. 


Abscissa: Crown-heel length (mm). Ordinate: Bi- 
acromial diameter of the trunk (mm). 


154 GROWTH IN THE FETAL PERIOD 


of crown-heel length are of the order of 2 to 2.4 mm, and the cor- 
responding relative deviations range from about 2.2 to 4.2 per cent. 
The major part of these deviations fall in the 50 to 55 cm interval 
of crown-heel length. These high terminal deviations may be due 
to the effect of birth moulding upon the shoulder girdle. 

The growth of the bi-acromial diameter in the fetal period has been 
previously studied by Caspar, Friedenthal, Lafaille, Michaelis, Ret- 
zilus, and several other investigators. Our values are lower than those 
of Michaelis and of Friedenthal, but agree closely with those of 
Retzius. The values given by Caspar and by Lafaille are quite irregu- 
lar. Table 68 summarizes the averages for the bi-acromial diameter 
in the newborn. . 


TABLE 68 
AVERAGE Bi-AcRoMIAL DIAMETER AT BIRTH 


AVERAGE 
AVERAGE BI-ACROMIAL 
OBSERVER BODY-LENGTH ee 
(cm) (em) 


s) 
{q>) 
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(a) 
ia) 
— 
— 
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BLO AT eacw Pier Pee incr daar. «ce vte teats thes eae 12.0 
J aI gga Rea be, ol Aang a DS a a, a ee 12.0 
Onetelets(males)iy. ee oo eros ee eae 50.0 1232 
Queteletademales) eee. ee eae 49.6 12a 
ar LOMA Uiales ees ons oe a le eats bay? 12a 
ay lordemales).) oa eye ees HORS Lie9 
Wiecber ee eenesecresse otsk eet Maan cain 0 Eee: 12.0 
Weissenberg (males)................. 50.8 LOR 7 
Weissenberg (females)................ 50.0 10.4 
Present series (calculated)............ BO 11.3 


28. Nipple to Nipple Distance 
(Field Graph 28, Tables 69, 70, and 176) 


The nipple to nipple or intermammary distance is represented by 
a straight line drawn between the centers of the mammary areolae. 
This dimension is increased 5.1 per cent by injection. Subsequent 
preservation in formalin decreases this artifact to +1.2 per cent after 
six months. 

Table 69 summarizes our observations and computations for this 
dimension. Our calculated values for the means of the 5 em intervals 
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TABLE 69 


Nippte To Nippte DisTance 
125CH(™m.)£0.0mm. (261 cases) 


Crown Heel Nipple to Nipple Distance (mm.) | Difference Calculated Values at S5cm. 
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of crown-heel length, from 5 to 55 cm, inclusive, show average devia- 
tions of 1 to 1.7 mm from the corresponding observed means. The 
average relative deviations range from 2.4 to 3.5 per cent. The largest 


deviations are found in the 45 to 50 em and 50 to 55 em intervals. 


While these may be due in part to the effect of injection, it is quite 
possible that they also represent a change in the position of the 
mammae due to the secretion of “witch’s milk.” 

The only published observations on the nipple to nipple distance 


TABLE 70 
AVERAGE NippLe TO NrppLe (Bir-Mammary) Distance at Birtu 
AVERAGE 
AVERAGE NIPPLE TO 
OBSERVER BODY-LENGTH NipEEe 
(cm) DISTANCE 
(cm) 
Wartime ra (Tia 16S ries ios Pisa Se las ese 8.07 
Da thera hOMales) oc axed tees he oe eo 3 re 7.92 
Oimercletaamales)e 2) Gees es: 50.0 7.00 
Onevelevedemales) =. 2h. Aye eta: 49.6 7.00 
Present series (calculated)............ 50 22 6.3 
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seem to be those of Lafaille. His observed values agree very closely 
with our calculated ones up to 30 cm crown-heel length, but above 
this they are quite irregular and distinctly higher. Table 70 shows 
the collected natal values for this dimension. 


29. Bi-Deltoid Circumference 
(Field Graph 29, Tables 71, 72, and 175) 
This measurement represents the perimeter of the body in the 


transverse plane at the level of the greatest lateral extension of the 
shoulders. It is increased 9.7 per cent. by formalin injection and sub- 


TABLE 71 


Bi-Detroip CIRCUMFERENCE OF TRUNK 
.0525 CH(mM.)-2 5mm.(273cAses) 


Difference Cakulated Values at Sam 
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sequent immersion in formalin causes a further enlargement to 12.6 
per cent after two months. Thereafter there is a slight decline to 10.5 
per cent after six months’ preservation. There may be some in- 
accuracy in the determination of this dimension in large infants, due 
to the compression of the shoulders at birth. 

Table 71 summarizes our findings and computations of this dimen- 
sion. The average absolute deviations of the calculated from the 
observed values of this dimension for 5 em intervals of crown-heel 
length, from 5 to 55 cm, inclusive, range from about 6 to nearly 8 mm. 
The corresponding relative deviations fall between 3 and 4 per cent. 
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The only published observations on this dimension in fetal life 
seem to be those of Spiegelberg for the latter part of the period. Our 
calculated values indicate the same general course of growth as do 
his findings but are slightly lower. 


TABLE 72 
AVERAGE Bi-DELTOID CIRCUMFERENCE AT BIRTH 


AVERAGE 
AVERAGE BI-DELTOID 
OBSERVER BODY-LENGTH Cin CUMERREEN On 
(em) (cm) 
Warlecews ck «2s oe: 34.0 
UAE eee eens ath ct toes ok nes car ls sess 33.0 
PODICM emetic OL skis: «ok hue hears 50.5 35.0 
Qucteleta(iales) i eo ace 50.0 32.1 
Quetelet (females) ...........6.c00. we. 49.6 eile VE 
Splegelberg (males). . 60. 6.6 ceo ems 50.9 34.45 
Spiegelberg (females)................. 49.3 33.38 
Present series (calculated)............ 50.2 32.5 


Table 72 gives the available averages for the newborn, which we 
have collected from the literature, and also our calculated natal value 
as estimated by the empirical formula with graphically determined 
constants. 


30. Bi-Deltoid Diameter 
(Field Graph 30, Tables 73 and 175) 


This measurement represents the transverse diameter of the body 
between the greatest lateral extension of the shoulders caused by the 
deltoid muscles. The dimension is increased 5.7 per cent by injection, 
and subsequent preservation in formalin raises this value in one 
month to 7.0 per cent. Thereafter there is a steady decrease, and 
after six months the measurement is, on the average, 4.1 per cent 
greater in injected and preserved material than in fresh specimens. 

Table 73 gives our summarized observations on this dimension. 
Considering the fact that this diameter is a soft-part measurement 
and that it is considerably affected by formalin artifacts, the agree- 
ment of our calculated and observed values is quite close. The 
average absolute deviations of the calculated from the observed 
values for 5 em intervals of crown-heel length, from 5 to 55 cm, 
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inclusive, range from approximately 1.9 to 2.3 mm. The correspond- 
ing relative deviations range from about 1.8 to 2.8 per cent. 

We have found no published observations on this diameter in the 
fetal period or in the newborn. Our calculated value for this dimen- 


TABLE 73 


Br-Dectoip DiaMETER OF TRUNK 
-LTCH(mm.)-2.5m™.(277 cases) 


Crown Heel Difference Calculated Values at 5cm 
Length p | between pest Intervals of Crown Heel Length 
(mm) Observed Calculated] 4) and (b) O : 


Max. | Min. (Mean (a)| Mean) || mm. |Percent. 
—= 


te 
5 | -19 ee 


| -06 | -3é 
t 
50.7 | 40.0 | +00 


440 ) Aon +14 


rg 
58.0 +0.3 


T14 x }+e3 
| +09 


+ 10 


sion in the newborn, as estimated by use of the empirical formula 
with graphically determined constants (at 50.2 em crown-heel length) 
is 1o.a Cm) 


31. Circumference of Thorax at Nipples 


(Figure 39, Field Graph 31, Tables 74, 75, and 176) 


This dimension was measured with the steel tape in the transverse 
plane of the body at the level of the nipples. As has been pointed 
out in Part I, the chest circumference at the nipples undergoes at 
first a neonatal increase, and, later, a decrease. The latter factor, 
which was evident in our larger specimens when fresh, is more than 
counteracted by the effect of injection which increases the cireum- 
ference 13.5 per cent. Immersion in formalin following injection 
increases the dimension to 16.3 per cent at the end of two months, 
but thereafter there is a slow decline, the correction figure at six 
months being —12.9 per cent. 
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FIGURE 39 


THE GROWTH OF THE CIRCUMFERENCE OF THE THORAX AT THE 
NippLes 4S DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: Circumference 
of the thorax at nipples (mm). 
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Our summarized findings for this dimension are given in table 74. 
The average deviations of our calculated values from the correspond- 
ing observed means for the 5 cm intervals of crown-heel length, from 
5 to 55 em, inclusive, vary from about 3.7 to 4.7 mm, and the cor- 
responding relative deviations are 2 per cent or less. The largest 
deviations lie in the upper two 5 cm intervals and represent largely 
‘our correction for formalin injection and respiratory changes. 


TABLE 74 


CIRCUMFERENCE OF THORAX AT NIPPLES 
-6 CH (mm.) 0.0mm. (@73cASES) 


Crown Hee] Circumference (mm.) Ditlerence Calculated Values at 5cm 
Lengjh D : belween Intervals of Crown Heel Length 
(mp) Observed | (b) () and (b) 1 

T 


SRS CH Value | Percent 
Min !Mean(a): Calculated) mpm 'Percent Spel (mm) _ |tecrement 


18 £0 | EHO) WS) 1) SMS 
alle | 


AT | aul 


Previous determinations of this dimension in the fetal period have 
been made by Michaelis, Linzenmeier, Heuser, Schultz, and others. 
Although the curves plotted from these authors’ observations are 
rather irregular, our calculated curve corresponds fairly closely with 
their general tendency. The natal circumference of the chest at the 
nipples has been determined by several authors; some of the more 
important findings are summarized in table 75. 


32. Transverse Diameter of Thorax at Nipples 
(Field Graph 32, Tables 76 and 77) 
This dimension represents the greatest transverse diameter of the 


chest in the horizontal plane, at the level of the nipples. The trans- 
verse diameter is increased 8 per cent by injection. Subsequent preser- 
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vation in formalin produces a further increase of about 3 per cent. 
After six months’ immersion the correction figure for formalin pre- 
served material is —9.2 per cent. 

TABLE 75 


AVERAGE CIRCUMFERENCE OF THE THORAX AT NIPPLES AT BirTH 


AVERAGE 
AVERAGE CIRCUMFERENCE 
OBSERVER BODY-LENGTH OF THORAX AT 
(cm) NIPPLES 
(cm) 
Belot (males—birth). 0.2... ad ws: 49.7 33.4 
Belot (females—birth)................ 49.0 31.7 
Belot (males—1 day)................. 49.5 31.8 
Belot (females—1 day)............... 48 .0 31.2 
Datinerrmales) >..2- 0. Se dene 5122 30.46-31.53 
Datiner shemales) vi' 2. oe os ale. 50.3 30.52-31.54 
De Mtec eRe Ae Ae, nc tee, WO a ato meee: 32.0 
Haspender (males)... a0... ve ua wane ot 48.7 29.90 
Eashencder (lemales) «00 22. oe eee oe 48.2 30.06 
Gen OD TRECEI BIOS \ie ela Sais aes a eae 32.0 
Gundopim(females) so ios) ohne ss ae 125 
hiharzike Gales) ic. 3-1 noes bee os 50.0 35.0 
Woulayzike(fenigles)) 2% seas le «ee soe 49.0 34.0 
Linzenmeier (before first inspiration)... 51.5 30.5 
Linzenmeier (after first inspiration)... . ee fal at) 32.3 
Orchansky-(males)- <5. lees 49.5 33.8 
Orchansky (females) i. <5 hn ew es 48.3 33.25 
Quetelet-(males e242 hia fae eee oe 50.0 30.2 
Quetelet emales) oo oho pcs. cde Skee oe 49.4 29.7 
Scammon and Rucker (15 minutes after 
intl) sees: eee eek eines ok a Anat: oie 
Scammon and Rucker (1 day)......... Aon 30.7 
Schmid-Monnard (males)............. 50.6 31.6 
Schmid-Monnard (females)........... DOL ole 
PS VLOT IU OLCS ag tee rte mieten ess een tcke cere 51.2 32.3 
PAV ION [6UARLOS) see et eye oe Secicn a aoe 50.0 2a 
NIE} avo) Rot CoE aia dears ey nO oh Ca ee 31.0 
Weissenberg (males).............. spat 50.8 28.2 
Weissenberg (females)................ 50.0 28.5 
Present series (calculated)............. 50.2 30.1 


Our findings regarding this dimension are summarized in table 76. 
The correspondence between our calculated and observed values 
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TABLE 76 


TRANSVERSE DIAMETER Ar NIPPLES 
2025 CH(mm)+ 0.0mm. (274 cases) 


Crown Heel i Difference Calculated Values at 5cm. 
Length eae Teevore pasted en) between |Number} Intervals of Crown Heel Length 
(nm) Lensth Observed calculated _ @) and (b) Tel Per cent 


cases |, CH | Value |. 
Range al Mean | (mm) | Max. Min. _ [Mean (a) ; Mean (b) mm. [Percent ioe |_ (om) Dean 
—- 
23-50! 373] 319 | 135) 95 | Sane ron lcor eg Nes a ee 
10 | (oA | te | 02 1413 |e 
+ 
| 


50-100 | 7z0| 580 | 19 


T 
| 
100-150! 1233] aro | 3e iss) easel ease leds)! aco) | 40 
T = =e es 
150200 | 1732] 120.2 | 41 50 | 347 : 351 | +04 | te | 18 
200-250 | 2242 {514 | 53 39 AOT 454 |-19 1-28! 39 
t ft 
250-300 | 274.5| 183.8 | 64 lee 558 556 1-02 | -0O4 | 34 
t = 
300-350 | 3260} €21.3 | 75 55 670 | G4 |-06 !-09 | 26 
| e | : en 
350400 | 2679 | 248.0 | 80 | 64 0 745 | ey 4, ei | we 
{ 1. 
400-450 | 421.0 2603 | | % 635 | OAS 1416 '+22 | 20 
I | 
450-5001 474.5) 221.9 | Il | 7% 907 | 1 | -36 1-38 (T 
t ——}+- ; 


| 
5A | | x Ie 
500-544 | 5242 | 301.1 | {eJ 91 l 10835 | (ere (al Z.1 20 


for 5 cm intervals of crown-heel length, from 5 to 55 em, inclusive, 1s 
quite close, the average absolute deviations being less than 1.8 mm 
in all instances. The corresponding relative deviations are approxi- 
mately 2 per cent or less. 

We have found no published observations upon this dimension 


TABLE 77 
AVERAGE TRANSVERSE DIAMETER OF THORAX AT NIPPLES AT BIRTH 
AVERAGE 
AVERAGE TRANSVERSE 
OBSERVER BODY-LENGTH eT en 
(em) (em) 
Dat normiMales eevee oss oe ys ee lee 8.07 
Datiners(demnles)\emee ens loc. s aka eee 8.08 
Gund oblneGmales mee sete s oss, a cae Cad 
Gundobiua (females) a ea as <a 7.6 
WiharzikvGmales)inee. 2. ete ee 50.0 2 
Biharziks eriales) * acme sane ese 49.0 PLO 
Scammon and Rucker (15 minutes after 
Ut Ch hss Seam oe Sk eee inte) Ca ene fh oth 
Scammon and Rucker (8rd day after 
bitth) een are ym oe 2 ea, oi 1 
Present series (calculated)............ 50.2 1052 
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in the fetal period. The available newborn averages are summarized 
in table 77. 


33. Antero-Posterior Diameter of Thorax at Nipples 
(Field Graph 33, Tables 78, 79, and 176) 

This measurement represents the greatest diameter in the hori- 
zontal plane and the median line, between the anterior and posterior 
surfaces of the chest, at the level of the nipples. It first undergoes 
an increase, and then a decrease, in the early part of the neonatal 


TABLE 78 


ANTERO-PosTERIOR DiaMeTER ar NIPPLES 
.[75 CH (mm.) + 0.0mm. (271 CASES) 


Crown Heel | Crown | Antero-Posterior Diameter (mm) Difference Calculated Values at 5cm. 


Length Rump between — |Number\Intervals of Crown Heel Leng 

(mm) Length Observed {Calculated (a) and (b) noe CH | \ene | Per cent 
Range | Mean om) Max Min ,Mean (a) | Mean(b) mm, [Percent| _ pe Gorm) WESkeuee 
[coe DON) OCD) 319 10 5 He 66 -0.6 | -83 We 5 8.15 ee 


50-100, 77.0} 580 16 9 Ie.7 13.5 | +06 | +035 | &4 {0 (7.50 


IIe } 


; a + 
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| 
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100-150! [23.5] 879 C4 1o 20.0 21.0 | +1.0 +6.0 | 40 {5 LO.L5 


{50-200 | 173.2 | 120.2 55 C4 30.2 30.3 +0.| +0.9 {8 £0 35.00 33 
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period. The diameter is increased 14.3 per cent by injection. Sub- 
sequent preservation in formalin raises its value 15.7 per cent at three 
months. Thereafter there is a very slight decline, the dimension in 
preserved material averaging 15.2 per cent greater than that in fresh 
material. 

Table 78 summarizes our findings for this diameter. The absolute 
deviations of the calculated values for the 5 cm intervals of crown- 
heel length, from 5 to 55 cm, inclusive, from the corresponding ob- 
served means are all less than 2 mm. The corresponding mean 
relative deviations are all less than 4 per cent. 

The growth of this dimension in the fetus has been studied by 
Michaelis. Our values approximate his findings, although on the 
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whole they are slightly lower. Table 79 summarizes the natal values 
for this dimension. 


TABLE 79 
AVERAGE ANTERO-PoOsTERIOR DIAMETER OF THE THORAX AT NIPPLES AT 
BirtH 
AVERAGE 
AVERAGE ANTERO- 
OBSERVER BODY-LENGTH POSTERIOR 
(cm) DIAMETER 
(cm) 
1D ALIMORA MLOLCS atest ats 2 oats eerak dee tke ey 7.83 
Watinenre temsles) 2c ..2.) 6s cs see ee oe fe atks’ 
Fasbendern(males)iek: 2 hen wea ak wee 48.7 7.02 
Fasbender (females) .2............... 48.2 7.08 
Gundopine males)..." 2 Boke fe le ek ioe S oA 
Gundobin (females). 2... 6... hal aes eee. (is) 
Scammon and Rucker (15 minutes after 
TOIL Ly) een Re aerate ACR icra sey, aa at ag: porate 8.2 
Scammon and Rucker (8rd day after 
| VLG ()HOhe ag a «en la O ea a moe 7.6 
Present series (calculated)............ 50.2 8.8 


34. Circumference of Thorax at Xiphi-Sternal Junction 
(Field Graph 34, Table 80) 


This circumference was taken with a steel tape at the level of the 
xiphi-sternal junction as indicated by the sternal notch. We have 
no experimental evidence on the effect of respiration on this dimen- 
sion, but since both the circumference at the nipples and the tenth 
rib undergo a distinct reduction after birth, the circumference of the 
xiphi-sternal junction probably follows the same course. This dimen- 
sion is increased 11.9 per cent by injection. Subsequent preservation 
in formalin raises this to 13.1 per cent at three months, but thereafter 
there is a slow reduction to 12.2 per cent at six months. 

Table 80 summarizes our findings of this dimension. The fit be- 
tween our calculated and .observed values is not particularly close. 
The average absolute deviations for the means for the 5 cm intervals 
of crown-heel length, from 5 to 55 em, inclusive, range from about 
5 to 10 mm. The average relative deviations for the corresponding 
values range from about 2.6 to nearly 4 per cent. The greatest devia- 
tions fall in the 45 to 55 cm intervals. 
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TABLE 80 


CIRCUMFERENCE OF THORAX AT XIPHFSTERNAL JUNCTION 
.62CH(MM.)-1.Omm. (225 cases) 


ee Heel Crown | Circumference of thorax (mm.) | Difference Calculated Values at Scm. 
oe Rump | between |Numbersintervals of Crown Heel Length] 
(nm) Length Observed __iCalculated|_(@) and) | Of CHT ygig¢ | Percent 
Range pes (mm) | Max.! Min. Mean (a), Mean(b)| pm. Percent. ee rau Gnm,)_jperemen 
+ — + = : —— 


@3-501 975] 320 | 421 19 | 2e7! 223 - 441!-226] 10 5 Seley es 
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We have found no published records of measurements of this cir- 
cumference in the fetus or newborn. Our natal value (approximated 
by use of the empirical formula with graphically determined constants, 
at 50.2 cm crown-heel length) is 31.0 em. 


35. Transverse Diameter of Thorax at Xiphi-Sternal Junction 
(Field Graph 36, Table 81) 


This dimension represents the greatest breadth of the trunk in the 
transverse plane at the level of the xiphi-sternal junction. As in the 
case of the circumference at this level, we have no direct evidence 
that this diameter is affected by neonatal respiratory changes, but 
since the chest undergoes a reduction at the nipples and tenth rib, 
it is probably safe to assume that it also does so at this level. The 
transverse diameter at the xiphi-sternal junction is increased 4.6 per 
cent by formalin injection. One month’s subsequent immersion in 
formalin raises this value 4.7 per cent. Thereafter there is a gradual 
but irregular reduction to 4.0 per cent after six months’ preservation. 

Table 81 summarizes our findings for this dimension. The devia- 
tions between the observed and calculated values for this diameter 
of the thorax are rather small. The average absolute deviations for 
the 5 cm intervals of crown-heel length, from 5 to 55 cm, inclusive, 
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range from about 1 to about 1.4 mm. The corresponding relative 
deviations range from 1.5 to a little over 2 per cent. The largest 
deviations are in the last two 5 cm intervals of the progression. fxs. 

We have found no published observations upon this dimension in 
the fetus. Zeising states that the transverse diameter of the thorax 


at the Herzgrube is 10.5 em. Our calculated natal value, as computed 


TABLE 81 


TRANSVERSE DIAMETER AT XIPHI-STERNAL JUNCTION 
.205 CH(m™.) + 0.0mM.(260 cases) 


CrownHeel Transverse Diameter(mm) | Difference Calculated Values at 5em 
Length | between Number! Intervals of Crown Heel Length 
(mm) Observed Calculated|__@)and(b) S [ Fer cent. 
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from the empirical formula with graphically determined constants 
(at 50.2 em crown-heel length), is 10.8 cm. 


36. Antero-Posterior Diameter of Thorax at Xiphi-Sternal Junction 
(Field Graph 35, Table 82) 


This dimension was taken as the greatest distance between the 
anterior and posterior surfaces of the chest in the midline at the level 
of the xiphi-sternal junction. Although we have no direct experi- 
mental evidence, it seems fairly certain, from observations at the 
level of the nipples and the tenth rib, that the antero-posterior 
diameter of the chest at the xiphi-sternal level undergoes first an 
increase and later a pronounced decrease soon after birth. The antero- 
posterior diameter of the thorax at the xiphi-sternal junction is in- 
creased 13.8 per cent by injection. During subsequent formalin 
preservation it decreases to 12.8 per cent at six months. 
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Table 82 summarizes our findings for this dimension. The cal- 
culated values for 5 cm intervals of crown-heel length, from 5 to 
55 cm, inclusive, show average absolute deviations of the order of 
1.4 to 1.6 mm from the corresponding observed means. The cor- 
responding relative deviations are all less than 3 per cent. 


TABLE 82 


ANTERO-POSTERIOR DIAMETER AT XIPHI-STERNAL JUNCTION 
18 CH (m™.) +O.0mm. (267cASES) 


Crown Hee] Antero-Posterior Diamet )| Ditlerence Calculated Values at Sem. 
Length ee ee ee) between Inlervals of Crown Heel Length 
(om) Observed (b) (a) and (b) 
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We have found no published observations on this dimension on 
the fetus and newborn. Our natal value (estimated by the em- 
pirical formula with graphically determined constants, at 50.2 cm 
crown-heel length) is 9.0 em. 


37. Circumference of Abdomen at Tenth Rib 
(Field Graph 37, Table 83) 


This dimension was taken with a steel tape in the transverse plane 
of the trunk at the level mentioned. The experimental study of 
Scammon and Rucker shows that this circumference undergoes a 
marked reduction in the first day of postnatal life. This dimension 
is increased 14.4 per cent by injection and during subsequent 
immersion in formalin undergoes a very slow reduction to 13.9 per 
cent in six months. . 

Our observations on this circumference are summarized in table 83. 


168 GROWTH IN THE FETAL PERIOD 


As in the case with the majority of abdominal dimensions, the devia- 
tion of the calculated from the observed values for the circumference 
of the abdomen at the tenth rib is greater than that of most thoracic 
measurements. The average absolute deviations of the calculated 


TABLE 83 


CIRCUMFERENCE OF ABDOMEN AT TENTH Rip 
64CH(m™)-4.0m™. (216 CASES) 


ee ea Gown Circumference of Abdomen (mm.) Ce Nee Risagesnp oars Peal eng ‘| 

(mm.) Length Observed calculated |_Giend (b) oe CH " Value | Percent. 

Range | Mean (mm) | Max | Min. iMeanial Mean (b)| mpm. eee egy (om) lincrement 
eral 569 | ILC 6) ol £0.6 | 194 | -Te tee I 5 280 = 
50-100} 76Z| 506] 57 | 30 | 453 400 | +07 1+15| 18 io | 600 | 14 
100-150 | 125.8 | 685 | 95 5I T4 | | WS. || 3 Lt + i) |} (2) 15 I 92.0 | 55 
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from the observed values for the 5 cm intervals of crown-heel length, 
from 5 to 55 cm, inclusive, vary from nearly 5 to nearly 12 mm, and 
the corresponding relative deviations from 2 to over 5 per cent. By 
far the largest deviations are in the 45 to 55 cm intervals, and repre- 
sent mainly corrections for formalin injection and preservation. 

We have found no published measurements of this dimension in 
the fetus. Scammon and Rucker found that this circumference aver- 
aged 31.4 cm in living infants, fifteen minutes after birth. Our ecal- 
culated natal value, computed from the empirical formula with the 
constants graphically determined (at 50.2 em crown-heel length), 
istol 7 cin. 


38. Transverse Diameter of Abdomen at Tenth Rib 
(Field Graph 38, Tables 84 and 85) 
This dimension represents the greatest breadth of the trunk, in the 


transverse plane, at the level of the tenth rib. The measurement 
undergoes a slight neonatal reduction. The dimension is slightly 
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increased (2.8 per cent) by injection alone, but during subsequent 
preservation this artifact drops to 1.4 per cent after six months’ 
immersion in formalin. 


TABLE 84 


TRANSVERSE DIAMETER AT TENTH Rip 
-COT5 CH(mm.)-1.0mm. (265 cases) 


Crown | Transverse Diameter (nm) Difference 
between 


Observed (Cakculated| (4) and (b) 
Max. ! Min. [Mean a) | Mean(b) 


£3- oe 373 | 
50100) ° TTA 
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5.1 . | 1977501 
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62000 | 


| 92.375 | 
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| 
} 
| 
| 
| 
| 
| 
| 
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113.125 | 


Our findings for this diameter are given in a summarized form in 
table 84. The deviations of the calculated values from the observed 
means for the 5 cm intervals of crown-heel length, from 5 to 55 cm, 
inclusive, are small. The average absolute deviations are of the order 


TABLE 85 
AVERAGE TRANSVERSE DIAMETER OF ABDOMEN AT TENTH Ris aT BirtTH 
AVERAGE 
AVERAGE TRANSVERSE 
OBSERVER BODY-LENGTH en 
(cm) (cm) 
Scammon and Rucker (15 minutes after 
| Seg 08) ERE Ne, pean ear eee ES a ae 8.9 
Scammon and Rucker (8rd day after 
[OUCH ak a net in A rr alee 8.8 
Sea COLW Re 2 kk a ci) eer eee 8 46.8 10.4 
Present series (calculated)............ 50.2 10.3 
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of 2 to 2.2mm. The corresponding relative deviations range from 
about 1.8 to about 2.6 per cent. 

We have found no published observations upon this dimension in 
the fetus. Table 85 summarizes the natal values of this dimension. 


39. Antero-Posterior Diameter of Abdomen at Tenth Rib 
(Field Graph 39, Tables 86 and 87) 


This dimension represents the greatest antero-posterior diameter 
of the trunk at the level indicated. The dimension shows a marked 
neonatal decrease, amounting to at least 8 per cent in the first day. 
Injection increases the diameter 14.7 per cent. During subsequent 
immersion in formalin this artifact is decreased to 13.0 per cent in 
six months. 

TABLE 86 


ANTERO-POSTERIOR DIAMETER AT TENTH RIB 
1825 CH(mm)- L.Omm.(264 cases) 


Crown Heel | Crown | Antero-Posterior Diameter(mm) | Dillerence onl, Cokulated Values at Sem. 
Lengih | Rump between Nomberinyervals of CrowntHeel Length 
(mm) Length Observed Calculated] (a) and (b) ce CH | value [Percent 
w 
Range | Mean (mm) Max | Min. |Mean(a) ! Mean(b) | mm. jPercent. eee i. (mm) OR 
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Our summarized observations upon this dimension are given in 
table 86. The fit between the calculated and observed values for this 
dimension is not so close as that for the transverse diameter at the 
same level. The several average absolute deviations of the calculated 
values from the corresponding observed means, for the 5 em inter- 
vals of crown-heel length from 5 to 55 cm, inclusive, fall between 
2and3mm. The corresponding relative deviations fall between about 
3 and 4 per cent. 
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TABLE 87 


AVERAGE ANTERO-POSTERIOR DIAMETER OF THE 
ABDOMEN AT TENTH Rip at BrrtH 


AVERAGE 
AVERAGE ANTERO- 
OBSERVER BODY-LENGTH POSTERIOR 
(cm) DIAMETER 
(cm) 
Scammon and Rucker (15 minutes after 
FOULED ere, eal St epee ge Oe MR Cy ee 8.5 
Scammon and Rucker (8rd day after 
SUGCM Repo MANNE eat a ope Se ne con! aged 7.9 
MEGAd Omen ee seen hie os car os 46.8 9.1 
Present series (calculated)........:... 50.2 Oat 


We have found no published observations on this dimension in 
the fetal period. Scammon and Rucker obtained a value of 8.5 cm 
for living, newborn infants fifteen minutes after birth. Table 87 gives 
a summary of the values for this dimension in the newborn. 


40. Circumference of Abdomen at Umbilicus 
(Field Graph 40, Tables 88 and 176) 


This circumference was taken with a steel tape at the level of the 
midpoint of the umbilicus. It is greatly affected by formalin artifacts, 
undergoing an initial increase of 19.5 per cent with injection. There 
is little change with subsequent immersion in formalin, the average 
injection and preservation increment being 19.7 per cent after six 
months’ preservation. 

Our findings regarding this dimension are summarized in table 88. 
The calculated values for the circumference at the umbilicus show 
average absolute deviations of the order of 9 to 11 mm from the 
corresponding observed averages for the 5 cm intervals of crown- 
heel length, from 5 to 55 cm, inclusive. The corresponding relative 
deviations are of the order of 4 per cent. These high deviations are 
due largely to corrections for formalin artifacts in the upper two 
5 em intervals of crown-heel length. 

The growth of this dimension in the fetal period has been studied 
by Michaelis. Our calculated values agree closely with his observa- 
tions. Taylor obtained an average of 26.6 cm for this dimension in 
living males (at 51.2 em crown-heel length), and of 25.8 cm for living, 
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newborn females (at 50.0 em crown-heel length). Our calculated 
natal value (as estimated by the use of the empirical formula with 
graphically determined constants, at 50.2 em crown-heel length) 
1s 27.2 cm, 


TABLE 88 


CIRCUMFERENCE OF ABDOMEN AT UMBILICUS 
-5525CH(mm.) 5.5mm. (208 CASES) 


Crown Hee! Circumference of Abdomen (mm.) Difference 
Length between 


(mm.) P vas (a) and (b) 


| 22.1251 — 
t | tess 
50-100} 77a f j 149-750) 125 


100-150! 123.8 , i : é : : 56 
150200 172.3 : } : : ZO | 105.000) 


: { 
200250! 225.1 ; : : 25, 132.025| 


30 | 160.250! 


300-350] 327.6 ol+o 35 | 187.875 
350-400 | 370.2 4|-0: 40 !215.500! 


400-450 4235.8) 269.5 ane 16.9) |= 5) 
450-500|474,3| 322.2 | 328 268 | 2924 | 2566 ~35.6 | -I2.2 


367 | 386 | 301.0 | ceae |-466!-14.1 


41. Transverse Diameter of Abdomen at Umbilicus 


(Field Graph 41, Table 89) 


This dimension represents the greatest breadth of the trunk at the 
level of the midpoint of the umbilicus. It is increased 3.3 per cent 
by injection. There is a preliminary decrease of 1.9 per cent during 
the first month’s preservation in formalin, but the value rises to 3.0 
per cent after six months’ preservation. 

Our findings regarding this dimension are summarized in table 89. 
Considering that this is a soft-part measurement, the fit between 
our observed means and calculated values is very satisfactory. The 
average absolute deviations of the values for the 5 cm intervals of 
crown-heel length, from 5 to 55 cm, inclusive, range from about 2 
to 2.2mm. The corresponding relative deviations range from 2.5 
to 3.9 per cent. The largest deviations, both absolute and relative, 
are in the 45 to 55 cm intervals, and are due partially to correction 
for formalin artifacts. 
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We have found no published records of this dimension in the fetus 
or newborn. Our calculated natal value (estimated by the empirical 
formula with graphically determined constants, at 50.2 em crown- 
heel length) is 9.3 em. 


TABLE 89 


TRANSVERSE DIAMETER AT UMBILICUS 
9CH(m.)-2.0mm. (2OT cases) 


Crown Heel Transverse Diameter (mm.)- Difference Calculated Values at San 
Length between _ |Number| Intervals of Crown Heel Length 
(nm) Observed —) (a) and (b) ne 
AIUe 


CH 
Range | Mean Calculated Length 
Ge i Max _ Min Mean (a) mm, Percent as (mm) ! 


36.0 10 | 55 4.1 | -26 |-406 
719 ids) p40 
+ ne ae 

| 1230 L193 


51.0 
Al.5 


85,875 


95750 
| (05625 


42. Antero-Posterior Diameter of Abdomen at Umbilicus 


(Field Graph 42, Table 90) 


This measurement represents the distance in the median line 
between the anterior and posterior surfaces of the body at the level 
of the midpoint of the umbilicus. Injection increases this diameter 
an average of 20.3 per cent. There is a slight increase during the first 
month of preservation after injection, but the figure then declines 
a little to 19.7 per cent at six months. 

Table 90 gives a summary of our findings for this diameter. The 
calculated values for this dimension show average absolute deviations 
of from 3.7 to over 4 mm from the corresponding observed means for 
the 5 em intervals of crown-heel length, from 5 to 55 em, inclusive. 
The corresponding relative deviations range between 5 and 6 per cent. 

We have found no published observation on this diameter in the 
fetus or newborn. Our calculated natal value (computed by the em- 
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pirical formula with graphically determined constants, at 50.2 cm 
crown-heel length) is 8.2 cm. 


TABLE 90 


ANTERO-POSTERIOR DIAMETER AT UMBILICUS 
165 CH(MM.)-1.0mm. (£08 cASES) 


Crown Heel f F F Difference: Calculated Values at 5cm. 
Length Antero Posterior Diameter (mr) | between |Number|intervals of Crown Heel Length 
(mm.) Observed Calculated (a) and (b) | © ‘Al Percent: 
Aan é Mean (b) C8S€S | Length! YOU" increment 
Se ., Min. ‘Mean@) mm. |Percent. (cry) | (pm.) 
. = 


= 


(ga a I 69 49 |-1.7|-46} 10 
50-100 s : . {1.6 11.9 |4+0.3 |+46 
100-150 194 |4+0.6 |+ 3.2 


{50-200 é 2T4 |-O.1 ,-OA4 


ae | 
200-250 3, 362 |-O1 |-03 


+£.0 1+63 


+ 1.2 ! +29 


219), 31 
eos 
“12.5 | -13.9 
“15.8 | -15.6 


43. Sternal Notch to Pubis 
(Figure 40, Field Graph 43, Tables 91, 92, and 175) 


This and the following 5 dimensions represent measurements of 
the trunk between points in the midline of the anterior surface of 
the body. With a single exception, it has been impossible to express 
the relation of these dimensions to the crown-heel length by simple 
straight line formulae; therefore all of the curves have been phased 
at 25 or 30 cm crown-heel length. In all instances but the present 
one, each phase has been represented by a straight line. This apparent 
departure from the simple rectilinear course of growth with respect 
to total body-length is probably due, in our opinion, to the effects of 
posture. A further discussion of this factor will be found in con- 
nection with the discussion upon correction of preliminary curves 
in Part I of this publication. 

The distance from the sternal notch to the pubis was measured as 
a straight line in the vertical plane between the base of the sternal 
notch and the upper margin of the symphysis pubis. This dimension 
is increased 8.4 per cent by injection, but undergoes a gradual reduc- 
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tion with subsequent preservation in formalin to +7.6 per cent at 


the close of six months. 
TABLE 91 


STERNAL NotcH To Puss 
5 ro 530 cm,.CH:0.28 CH (miM.) + 1.5mm. 
50 To 55 cm. CH: 0.4 CH (mm.)-2VCH(mm,) + 2mm. 
(2352 CASES) 


Crown Heel | Crown | Slernal Noich to Pubis (mm.) | Difference Calculated Values at 5cm. 
Length Rump between |Number'intervals of Crown Heel Leng 


(mm) Lengih Observed [Calculated (a) and(b) | of 


CH 
= 
Range |! Mean io) | Max. | Min. [Mean (a)| Mean) -_ [Percent oe ceil 


: 
23-50! 359! 30.7 Ir | T 116 | (06 10 '+00 
— 


50100! 76.6 : CO 14 23.60) “29 7! -3.0 
100-150! 123.8 A) 47) 26! 363 if 36.2 1-03 
150-200 ret | 59 : 30 | ABS 49.8 
200250 2262 78 : 56 | 635 | 646 | | 

{00 d 50) 7. 4 78.1 ; eee 20 
115 | 63 | 100.0 | 101.5 | +1. 35_| 1026 
126 | 96 1169 | 123.1 40 | 121.0 


152 | 106 | 136.0 1553 . 137.6 14 


169 | 141 | 1573 | 1468 BOTW 155551 213 


123 | 179.8 | {57.0 39) 172.1 11 


Table 91 gives the summary of our observations on this measure- 
ment. The calculated values differ from the corresponding observed 
means for the 5 cm intervals of crown-heel length, from 5 to 55 cm, 
inclusive, by average absolute deviations of about 4 to 5 mm and 
by average relative deviations of about 3 to 3.5 per cent. The greatest 
absolute and percentage deviations are in the 45 to 55 cm intervals. 
They represent mainly the correction for formalin artifacts. 


TABLE 92 
AVERAGE DISTANCE FROM STERNAL Notcu To Pusis at BirtTH 


AVERAGE 
AVERAGE DISTANCE 
OBSERVER BODY-LENGTH STERNAL NOTCH 

(cm) TO PUBIS 
(cm) 
HETICGlomt lial 4 err see eet cose. ws alee 50.0 16.42 
VERO TATIOICS en neater coke 49.4 17.84 
Remher (females) 46.2 re se oe 50.0 17.98 
Present series (calculated)............ 50.2 L5r8 
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This dimension has been studied in the fetal period by Friedenthal, 
Lafaille, Reicher, and Schultz. The observations of the last two 
investigators are not recorded with respect to body-length. Lafaille’s 


FIGURE 40 
THE GROWTH OF THE DISTANCE FROM THE STERNAL NOTCH TO THE PUBIS 
IN THE Fetaut Periop AS DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: Distance 
from sternal notch to pubis (mm). 


values are extremely irregular and distinctly higher than our cal- 
culated ones. The calculated curve for this measurement is in fairly 
close agreement with the plotting of Friedenthal’s observations, 
considering the variability of the measurement. The available data 
on this dimension are summarized in table 92. 


44. Sternal Notch to Umbilicus 
(Figure 41, Field Graph 44, Tables 93 and 175) 


This dimension represents the distance, in the vertical plane, from 
the sternal notch to the midpoint of the umbilicus. It is increased 
9.4 per cent by injection alone and subsequent preservation in 
formalin raises this value to 10.4 per cent in two months. Thereafter 
there is a slow decline to +9.8 per cent in six months. 

Table 93 gives the summary of our findings for this measurement. 
The calculated values for the 5 cm intervals of crown-heel length, 
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TABLE 93 


STERNAL NotcH To UmBIticus 
5 To 25emM.CH: .22CH(MM.)+1.5™™. 
25To 55cm.CH: .C7CH(mM.)- 11.0mm. 
(224 cases) 
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from 5 to 55 cm, inclusive, show average absolute deviations of the 
order of 2.3 to 3.5 mm, and average relative deviations of 2.5 to 3.6 


FIGURE 41 
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Abscissa: Crown-heel length (mm). Ordinate: Distance 
from sternal notch to umbilicus (mm). 
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per cent, from the corresponding observed means. The greatest of 
these deviations lie in the upper part of the progression and represent 
correction for formalin artifacts. 

Lafaille seems to be the only observer who has studied the growth 
of this dimension in the fetus. His observations form an extremely 
irregular curve when plotted against crown-heel length. Our cal- 
culated values show the same tendency of growth as indicated by 
Lafaille’s data but the values above 30 em crown-heel length are all 
smaller. 

We have found no other published observations on this dimension 
in the newborn. Our calculated value, by the empirical formula with 


graphically determined constants (at 50.2 em crown-heel length), is 
12.5 cm. 


TABLE 94 


STERNAL NoTtcH To XIPHI- STERNAL JUNCTION 
.11CH (™M.)- [.5¢M. (233 cases) 


Sternal Notch fo : Calculated Val t5 
Crown Heel ates 5 Difference alculated Values at 5cm. 
Length Xiphi-Sternal Junction (mm.) Sonieon 


(mm.) Observed Calculated (a) and (b) Cit Value | Per cent. 
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es cases tb incremen 
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45. Sternal Notch to Xiphi-Sternal Junction 
(Field Graph 45, Table 94) 


This dimension was measured as a straight line between the base 
of the sternal notch and the xiphi-sternal junction. As might be 
expected, since this is practically a measurement of the length of the 
sternum, there is no increase in this dimension with injection. Sub- 
sequent preservation in formalin, however, causes an average increase 
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of 4.2 per cent in the first month. This rises to 5.1 per cent after four 
months’ preservation, but drops again to 4.1 per cent after six months’ 
preservation. ; 

Table 94 summarizes our observation for this dimension. The fit 
between our calculated and observed values for the 5 cm intervals 
of crown-heel length, from 5 to 55 cm, inclusive, is quite a close one. 
All of the average absolute deviations are less than 0.8 mm. The 
relative deviations range between 3.7 and 4 per cent. 


— 


| We have found no observations upon this dimension in the fetus 


or newborn. Our calculated natal value (as determined by the em- 
pirical formula with constants graphically determined, at 50.2 em 
crown-heel length) is 5.4 cm. 


TABLE 95 


XIPHISTERNAL JUNCTION TO PUBIS 
~5 70 25cm.CH: .19CH.(MM.)+1.5 MM. 
257055 ¢cM.CH: .2OCH.(MM.)-16.0MM. 

(220 CASES) 


Xipbi-Sternal Junction 
fo Pubis_(mm.) 


Observed Calculated 


Calculated Values at 5cm. 
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46. Xiphi-Sternal Junction to Pubis 
(Field Graph 46, Table 95) 


This dimension represents the distance, in the vertical plane, from 
the xiphi-sternal junction to the upper margin of the symphysis pubis. 
The dimension is increased 11.2 per cent by injection alone, but this 
value falls to 7.5 per cent after one month’s preservation and to 6.6 
per cent after six months’ preservation. 


Table 95 summarizes our observations on this dimension. The 
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distance from the xiphi-sternal junction to the pubis is one of the 
more constant measurements of this group. The average absolute 
deviations of the calculated from the corresponding observed values, 
for the 5 cm intervals of crown-heel length, from 5 to 55 em, inclusive, 
range from about 1.4 to 2.6 mm. The corresponding relative devia- 
tions range from about 1.5 to about 3.4 per cent. 

We have found no published observations upon this dimension 
in the fetus or newborn. Our calculated natal value (as estimated by 
the empirical formula with graphically determined constants, at 50.2 
em crown-heel length) is 11.5 em. 


47. Xiphi-Sternal Junction to Umbilicus 
(Field Graph 47, Tables 96 and 175) 


This measurement represents the distance in a straight line from the 
xiphi-sternal Junction to the midpoint of the umbilicus. The dimen- 
sion is increased 13.8 per cent by injection, probably mainly by the 
protrusion of the interior abdominal wall. This value drops to 12.0 


TABLE 96 


XIPHI-STERNAL JUNCTION TO UMBILICUS 
5 To 25¢m.CH:.125 CH(Mm.)+1.75mm. 
25 To 55cm.CH: .16 CH(mm.) -12.0mm. 
(223 cases) 


Crown Heel Xiphi-Sternal Junction Difference Calculated Values at Scm. 
(Length © Rump to Umbilicus (mm.) between . |Number'|[ntervals of Crown Heel Length 


(pm) | Length Observed Calculated __@) and(b) | of |e Value | Percent. 
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per cent after one month’s preservation and to 11.0 per cent after 
six months’ preservation in formalin. 

Table 96 summarizes our findings for this dimension. The values 
obtained by computation from the empirical formula for this dimen- 
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sion show average absolute deviations ranging from about 1.2 to 
1.8 mm and average relative deviations of from 3.2 to 3.8 per cent 
of the corresponding observed averages for the 5 cm intervals of 
crown-heel length, from 5 to 55 cm, inclusive. 

Retzius has made measurements of this dimension in fetuses be- 
tween 7 and 35 cm crown-heel length. While his measurements show 
the same general course of growth as do our calculated values they 
are slightly above ours in all instances. We have found no published 
observations upon this dimension in the newborn. Our calculated 
natal value, as computed from the empirical formula with constants 
determined by graphic methods (at 50.2 cm crown-heel length), is 
7.8 cm. 

TABLE 97 
UmBILIcuUs To PuBis 
5 TO 25cmCH: .O72 CH(Mm.) -0.5™m. 


25To 55cm.CH: .09 CH(mm.) - 5.0mm. 
(225 CASES) 


Crown Heel Umbilicus to Pubis (mm.) Difference Calculated Values at Sem. 
Length p between |Number| Intervals of Crown Heel Length 
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$ -; Min, i i ems) | (nm) 
aa 
, 1 : 2510) Bye Dsil — 
50-100| 76.6 ; . fon mea 


14 
100150 ! {23.8 : ; y . A 54 


150-200 | 172.7 


200250 | 225.5 
250300! 273.5] 184.2 


300-350 aes 
3504001 369.6] 248.6 
289.3 


DEG 
500544 525.1} 3629 


48. Umbilicus to Pubis 
(Field Graph 48, Tables 97 and 175) 

This dimension was defined as the shortest distance in a straight 
line from the midpoint of the umbilicus to the upper margin of the 
pubis. It is increased 14.7 per cent by injection alone, but there is a 
marked decline during subsequent preservation in formalin, the value 
falling to 8.9 per cent in the first month and to 7.0 per cent at the 
close of six months. 

A summary of our observations is given in table 97. The calculated 
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values for this dimension show average absolute deviations of approxi- 
mately 1 to 2 mm and average relative deviations of about 3.5 to 7 
per cent from the corresponding observed means for 5 cm intervals 
of crown-heel length, from 5 to 55 cm, inclusive. These deviations 
are irregularly scattered along the entire course of the progression. 

Measurements on this dimension on fetuses from 7 to 35 cm crown- 
heel length have been published by Retzius. Our calculated values 
show a fairly close fit with his observed ones. We have found no 
published observations on this dimension in the newborn. Our cal- 
culated natal value, as computed by the empirical formula with graphi- 
cally determined constants (at 50.2 em crown-heel length) is 4.0 cm. 


III. Résumé and Discussion of the Findings on the External 
Dimensions of the Trunk 


Of the 22 formulae developed by graphic methods for computing 
the relations of the external dimensions of the trunk to the total or 


TABLE 98 
CALCULATED VALUES OF THE EXTERNAL DIMENSIONS OF THE THORAX AND 
ABDOMEN AT HAcH FIvE-CENTIMETER INTERVAL OF CROWN-HEEL LENGTH 


Calculated values (mm.)at crown-heel lengths of: 
Ocmlt5cm] Cen|?5eml 30cm, 35em/40cnl45cal50em 


.3/C2.5| 39.8} 45.0) 56.3, 67.5} 76.6) 90.0/101.3)11e.5 
3) 12.5} 18.8) 25.0) 31.3} 357.5) 43.8) 50.0; 56.3) 62.5 
.1 |02.8) 954 |128,0'160.6)193,31225.9|758.51291. 1/3236 
0} €4.5|38.0) 51.5] 650) 78.5) 92.011055)119.011352.5 
,0)}60.0)90.0}120.0)150.0/180.0)210.0|40.0270.0300.0 
.1|C0.3|30.4) 40.5) 50.6) 60.8) 70.9} 81.0) 91. 1/1013 
17.5|26.3| 35.0) 43.6) 52.5) 61.3) 70.0| 6.6) 62.5 
61.0/92.0/123.0)154.0)185,0/216.0,2470\276.0/3090 
.3|20.5)30.8) 41.0) 51.3) 61.5! 71.8) 82.0) 92.3/102.5 
0} 18.0/27.0) 36.0! 45.0! 54.0; 63.0) 72.0; 81.0! 90.0 
60.0|97.0)124.0)156.0188.0270.0252.0284.0|316.0 
4} 19,8)30.1) 40.5) 50.9) 61.3) 71.6) 82.0, 92.4'1026 
Antero-posterior diameter at tenth rib 17.3264] 55.5) 44.6 55.8} 02.9} 12.0) 81.1) 90.3 
Circumference at umbilicus : : TT4|105.0|132.6|160.3|187.9|C15,5\A3. 1270.6 
Transverse diameter at umbilicus |.19 |-¢.0) T.5)1T.0\26.5) 36.0 455) 55.0 64.5) 74.0) 63.5) 930 
Antero-posterior diameter at umbilicus -165 0} 7.3}15.5|23.8) 32.0| 40.3| 48.5] 568) 650) 73.3) 81.5 
Sternal notch to pubis ae .5|C9.5}43.5) 57.5) T.5} 85.51104.6/122.0159.0 157.5 
" « —» ymbilicus : °9 | 12.5}€3.5|34.5) 45.5) 56.5) 70.0) 83.5) 9TO\LL0.511¢4.0 

" » « xiphi-slernal yunction|.L1 |-15 | 4.0) 2.5) 15.0) 20.5) 26.0 31.5] 37.0) 42.5) 46.0) 535 
AN ore junction 2 pubis : 11.0/20.5|30.0) 39.5) 49.0 62.0) 75.0; 88.0101.0:114.0 
” umbilicus 120 | 8,0/14.3)/20.5) 26.8} 33.0| 42.0) 51.0} 60.0; 69.0, 740 

£38 | 3.1] ©7}10.3| 15.9] 175] 22.0 26.5) 51.0) 35.5,40.0 


formulae 


Dimension 


Bi-acromial diameter 
Nipple to nipple distance 
Bi-deltoid circumference 
diameter 
Circumference of thorax at nipples 
Transverse diameter at nipples 
Antero-posterior diameter at nipples |. 
Circumference af xiphi-slernal Junction |. 
Transverse diameter at xiphi- — 
Antero-posterior« « « 
Circumference at tenth rib 
Transverse diameter at tenth rib 


bili to pubis 
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crown-heel length of the body, 17 are expressions for simple straight 
lines, 4 represent phased straight lines, and 1 is a straight line for the 
first portion of the progression and a concave curve for the latter 
portion. The phased formulae all represent dimensions which lie in 
the median line of the ventral surface of the trunk and which, as we 
have already pointed out, are probably influenced by the posture of 
the body. Of the 17 simple formulae, as determined by graphic 
methods, 7 have zero b constants while the remainder have negative 
or minus 6 constants. Those dimensions having formulae with zero b 


FIGURE 42 


THE GROWTH OF THE EXTERNAL DIMENSIONS OF THE THORAX (AS DETERMINED 
BY EmprricAL FoRMULAE) IN THE FrraL PERIOD wiTH RESPECT 
To GrowTH IN Crown-HEEL LENGTH 
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Abscissa: Crown-heel length (em). Ordinates: External 
dimensions of the thorax (mm). 


1. Bi-deltoid circumference 6. Transverse diameter at the xiphi-sternal 
2. Circumference at the xiphi-sternal junc- junction 

tion 7. Transverse diameter at the nipples 
3. Circumference at the nipples 8. Antero-posterior diameter at the xiphi- 
4. Bi-deltoid diameter sternal junction 
5. Bi-acromial diameter 9. Antero-posterior diameter at the nipples 


10. Nipple to nipple (bi-mammary) distance 
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constants are all associated with the upper or thoracic portion of the 
trunk, while those with negative constants represent the dimensions 
of the lower or abdominal portion. 

Table 98 and figures 42 and 45 present the calculated values for 
these dimensions in relation to the standing-height or total body- 
length. The calculated absolute and percentage increments of each 
of these dimensions for each 5 em interval of total body-length, from . 
5 to 50 cm, inclusive, are given in connection with the special tables 
for the individual measurements. 


FIGURE 43 


THE GROWTH OF THE EXTERNAL DIMENSIONS OF THE Bopy (AS DETERMINED BY 
EMPIRICAL FORMULAE) WITH REspEcT TO AGE IN THE FETAL PERIOD 
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Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Seammon and Calkins). Ordinates: External 
dimensions of the thorax (mm). 


1. Bi-deltoid circumference 6. Transverse diameter at the xiphi-sternal 
2. Circumference at the xiphi-sternal junc- junction 
tion 7. Transverse diameter at nipples 
3. Circumference at the nipples 8. Antero-posterior diameter at xiphi- 
4. Bi-deltoid diameter sternal junction 
5. Bi-acromial diameter 9. Antero-posterior diameter at nipples 


10. Nipple to nipple (bi-mammary) distance 
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Table 99 and figures 43 and 46 present the calculated values for 
the dimensions of the trunk at the close of each month of the fetal 
period from three months to birth, inclusive. 

The absolute and percentage increments of these dimensions in 
each month of the fetal period are shown in tables 100 and 101. In 
the fourth month the absolute increments range from 6.1 mm to 
55.2 mm. In the sixth month they range between 5.4 mm and 


TABLE 99 


CALCULATED VALUES OF THE EXTERNAL DIMENSIONS OF THE THORAX AND 
ABDOMEN AT THE CLOSE OF Hacu MonruH oF THE FETAL PERIOD 


: : Formulae Calculated values (mm.) at: 
Dimension 
Bi-acromial diameter 05 £Q0 | 15.9} 35.0} 51.3) O57! TA9! 91.0) 102.3) 113.0 
Nipple to nipple distance 125 #Q0} 8.9) 19.4| 28.5, 565) 43.8} 50.5) 56.8) 62.8 
Br deltoid circumference. 0525 |- 2.5 |43.T |98.9 |146.2| 168.0|226.2/201.3 |294.2|325.1 
diameter LT |-25 | 10.6 | 39.5| 59.0) 743} 92.1 |106T}120.3| 1320 
Ghee of thorax, at nipples 6 +00 |42.5 | 93.2 | 136.7) 175.2|2103 |C42.6|272.8|3012 
‘Transverse diameter at nipples C0251 0.0 | 14.3) 31.5} 46.1] 501) 71.0) 81.9) 92.1) 10LT 


Antero-poslerior diameter at nipples |.1T5 ;£Q0 | 12.4|2T.2| 399] 51.1} 61.3) 7108) 726} 87.9 
Circumference at xiphi-sternal junction |.0¢ |= LO |42.9/95.3| 1402) 1600/2163 AQT \260.9/3102 
Transverse diameter at xiphi- 2 (ets C05 #£Q0 | 14.5) 31.9 | 46.7) 599} T1.9| 829) 93.2) 102.9 
Antero- “posterior. °° 16 00 | 12.7|28.0} 41.0] 52.6! 63.1] 72.8} 61.6) 904 
Circumference at tenth rib 64 +40 |41.3|95.5!1419}182.9|220.3 |\254.6\C6T.O|31T.3 
Transverse diameter af tenth rib COTS |- 1.0 | 13.7 |31.2| 463} 596) T1.T| 82.9) 95.4|1022 
Anlero-posterior diameter at tenth rib |.1825|-L0 | 11.9| 274) 406] 52.3) 63.0) 72.6) 82.0) 906 
Circumference at umbilicus 5905 |- 5.5 | 33.6 | BOA | 120.4 155.8} 1882 |C1T.9 |€45.T|\CT1.9 
Transverse diameter at umbilicus 19 |-2.0 | 11.5) 27.5) 41.3} 53.5| 64.6) 74.8) 844) 93.4 
Antero-posterior diameter at umbilicus ip -1.0 | 10.T| 4.6] 30.6] 47.2| 56.6| ©5.T| T40) 81.8 


Pht notch to pubis HE Atte] 21.3145.0| O53) 62.3/104.6]123.5|141.3|158.0 
" umbilicus BE tt | 17.1 |35.7| 51.6] 676] 63.6] 98.2| 1116) 124.5 

* xiphi-sternal junction |.l1 | 15 | 6.3] 15.6) 226) 306| 37.1] 430] 485) 52.7 

Xiph: ‘sternal junction fo pubis 26 fied | 15.0) 31.0| 448] 599| 75.1 69.1|102.2| 114.5 
“umbilicus {71° HE) 10.6) 21.2! 302| 406] 51.1| 608) 69.8] 764 

trates fo pubis O& 1-92 | 4.6|10.T| 15.9} 21.3) 26.5) 514} 35.9) 402 


41.8 mm, and in the tenth month from 4.3 to 30.9. The distance from 
the umbilicus to the pubis shows throughout the period the minimum 
absolute monthly gain for the group, and the bi-deltoid circumference 
makes the maximum absolute gain. All of the external dimensions of 
the trunk show a steady decline in absolute monthly increments in 
the fetal period, with the exception of the distance from the xiphi- 
sternal junction to the pubis, the distance from the xiphi-sternal 
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junction to the umbilicus, and the distance from the umbilicus to the 
pubis, which show increased absolute gains in the sixth and seventh 
months. The absolute gains in these dimensions may be associated 
with the rapid growth of certain of the abdominal viscera that occurs 
at about this time. 


FIGURE 44 


THE CHANGES IN THE RELATIVE SIZE OF THE EXTERNAL 
DIMENSIONS OF THE THORAX IN THE FETAL PERIOD 
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Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Seammon and Calkins). Ordinates: Relative 
values of the external dimensions of the thorax expressed as per cents of the 
crown-heel length. 


1. Bi-deltoid circumference 6. Transverse diameter at xiphi-sternal 
2. Circumference at the xiphi-sternal junc- junction 

tion 7. Transverse diameter at nipples 
3. Circumference at nipples 8. Antero-posterior diameter at xiphi- 
4. Bi-deltoid diameter sternal junction 
5. Bi-acromial diameter 9. Antero-posterior diameter at nipples 


10. Nipple to nipple (bi-mammary) distance 


The percentage increments in the fourth month range from 100 
for the distance from the xiphi-sternal junction to the umbilicus, to 
147.6 for the distance from the sternal notch to the xiphi-sternal 
junction. The majority of the measurements show percentage incre- 
ments between 119 and 133 in this period. In the seventh month the 
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increments range from 20.0 per cent for the majority of the thoracic 
measurements to 25.9 per cent for the distance from the xiphi-sternal 
junction to the umbilicus. In the ninth month the range of increments 
is reduced to 12.5 to 15.3 per cent, while in the last month of the fetal 
period most of the dimensions of the trunk show increases of between 
10 and 11 per cent, although the percentage gains in the median line 
measurements are slightly higher. 


FIGURE 45 


THE GROWTH OF THE EXTERNAL DIMENSIONS OF THE ABDOMEN (AS DereEr- 
MINED BY EmpiricAL FoRMULAE) IN THE Fetrau Periop witu 
Respect To GrowTH In Crown-Hnet LENGTH 


Abscissa: Crown-heel length (em). Ordinates: External 
dimensions of the abdomen (mm). 


1. Circumference at the tenth rib 8. Antero-posterior diameter at the tenth 

2. Circumference at the umbilicus. rib 

3. Distance from sternal notch to pubis 9. Antero-posterior diameter at the umbi- 

4, Distance from sternal notch to umbilicus licus 

5. Distance from xiphi-sternal junction to 10. Distance from xiphi-sternal junction to 
pubis umbilicus 

6. Transverse diameter at the tenth rib 11. Distance from sternal notch to xiphi- 

7. Transverse diameter at the umbilicus sternal junction 


12. Distance from umbilicus to pubis 
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Table 102 shows the percentage of the natal value attained by each 
external dimension of the trunk at each 5 cm interval of total body- 
length from 5 to 50 em, inclusive. At 5 cm most of the chest dimen- 
sions have attained approximately 10 per cent of their natal values, 
while all of the median-line dimensions and all of the dimensions of 
the abdomen have acquired from 7.5 to 10 per cent of their computed 
natal values. At 25cm crown-heel length the range of attained values 
extends from 42.3 per cent for the distance from the xiphi-sternal 
junction to the umbilicus, to 50 per cent for most of the dimensions 


TABLE 100 


CALCULATED ABSOLUTE INCREMENTS OF THE EXTERNAL DIMENSIONS OF THE 
THORAX AND ABDOMEN IN EHacH MonrtrH oF THE FETAL PERIOD 


Bi-acromial diameter IQO7MO99) 1445) 15.65) Ie Too eni1O:6 
Nipple to nipple distance OO GOL 6.07 8s Ost Oo sao. 9 
Bi-deltoid circumference DE | ALD | AL6 4) 56.04) 59. LOCO 509 
- diameter G05) 190) ITD | 15054 So tS Owes 
Circumference of thorax at nipples | 508 | 43.5 | 387) 35.1 | 32.3 | 302 | 284 
Transverse diameter at nipples WS A oo es 10. SOs OG 


Antero-posterior diameter at nipples | 146) 12.7 | 112) 102 | 94) 88} 8&3 
Circumference af xiphi-sternal junction | 5C4 | 450 | 39.8 | 303 | 33.4 | S12 | 293 
Transverse diameter at es aie prey LOMAS y AE COu SEL Ou OD od 


Anlero-posterior “ ore Teg mW a Sie) Sere eel lh eis 
Circumference at tenth rib 541 | AOA ALO) STA 5445) 565.1505 
Transverse diameter af tenth rib 154) 150") 15:59) HEA CaO) 1 6S 
Antero-posterior diameter at tenthrib | 154 | 13.¢ | 117 | 107 | 96) 92| 86 
Circumference at umbilicus AO. AON) 554 4 56.5. CO ane Fon cod 
Transverse diameler at umbilicus (Ol DOr ele.2) Ad Ocal Oar oO 
Antero-posterior diameter at umbilicus | 140 | 120 | 106) 97) 89} 8&3) TSB 
scaria notch fo pubis LOT COON OTL VE CL OMe IG sie llcOse Outs 
“ umbilicus LAO" 160 MO:24| 15.6ae 4 isos 1e-6 

: ~ « xiphisternal junction | 9.3 | 60) T1 | 64) 59 | 5.5] 35.€ 
Xiphi “sternal Junction to pubis LOA Oe ID TS C4 Om 151 ete) 
" umbilicus O62 FS 104 HOS OTe ot 6.o 

Umbilicus lo pubis OL DC Ol eS. DAO eA Ouest 


of the thorax. Seventeen of the 22 dimensions have acquired between 
48 and 50 per cent of their natal sizes at this stage. At 45 em crown- 
heel length most of the trunk dimensions have acquired about nine- 
tenths of their natal size, the range being from 88.5 per cent for the 
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distance from the xiphi-sternal junction to the umbilicus, to 88.5 and 
90.0 for most of the thoracic dimensions. 

At three fetal months most of the dimensions of the trunk have 
attained between 11.4 and 14.1 per cent of their birth size. At six 
months all of the dimensions are somewhat more than half their natal 
size, the range being from 51.8 per cent for the distance from the 
xiphi-sternal junction to the umbilicus, to 58.2 per cent for a number 


TABLE 101 
CALCULATED PERCENTAGE INCREMENTS OF THE EXTERNAL DIMENSIONS OF 
THE THORAX AND ABDOMEN IN Hacu MonrtruH OF THE FETAL PERIOD 


Percentage increments in the: 


Di : 
eae Athmo.| 5th mo.| Oth mo. | Tih mo.| Oth Bthma!] 9thmo. 0. Oth mo. 
Bi-acromial diameter AOI AGT ol COA T ea0 | 15. 15.3 12.5 | tk 10.4 
Nipple to nipple distance LOAN AG CO COO Ibo.) Ae). | 104 
creators circumference [EOS ATES) COO COD" 19-5 5N126 1 105 
diameter IDE) A96c, 693 1206 1-15 ABT W106 


eee of thorax at nipples | 1125 | 407 | 26.1 | COO | 15.3 | 12.5 | 10.4 
Transverse diameter al nipples LIDS 46TH COA 200" 15-5ade.5 1) 104 
Antero-poslerior diameter at nipples | 1194 | 407 | 26.1 | COO | 15.3 | 12.5 | 104 
Circumference at xiphi-sternal junction 1@2.1 | ATC | COA | COL | 15.4 | 12.5 | 104 
Transverse diameter at xiphi- oe Ree HO Spy On) COW LOO) 1D: ete 5.104 


Antero-posterior = * * HO AGT COA COO 15. sal ZS tOA 
Circumference at tenth rib [OLOdEAG6 | LO9 | C04 1 15:6) 12-8 W106 
Transverse diameter at tenth rib LAT MW4O ECOG COS 15.6: IZ:67 105 
Antero-posterior diameter at tenth rib | 129.4 | 48.6 | 286 | 20.5 | 15.0 | 12.6 | 10.5 
Circumference at umbilicus 139:0)|49.9"| £94 | GOT | 15.0 |) 12.6.) 106 


Transverse diameter at umbilicus {ACO 50.6 1695 COM a 15.671 16.840 10:7 
Antero-posterior diameter at umbilicus | 150.6 | 48.8 | 29.0 | 206 | 15.7 | 12.0 | 105 


2S nokch to pubis M03) 45.0) CIA O81 ATO 144) 11.6 
" umbilicus (CC. O54 Ory DEA CO9 IL I A 

" ~ xiphi-sternal junction | 147.6 | 51.5 | 30.1 | 209 | 15.9 | 128 | 10.7 

Xiph foie) jean fo pubis LOC a AsO Neo elt ee lOON eI 10 
" umbilicus 1000) \:4C9-)- 544 105.9°) 190 1715.0 | tee 

Umbiticus to pubis 157.0 | 486 | 340 | 49 | 181 | 15.5 | 120 


of the upper thoracic dimensions. At nine months the attained values 
range from 89.0 to 90.6 per cent, and 18 of the 22 dimensions have 
completed between 90 and 90.6 per cent of their prenatal growth. 

The relative values of the various trunk dimensions at each 5 cm 
interval of crown-heel length from 5 to 50 em, inclusive, are shown 
in table 104. At 5 cm crown-heel length these range from 6.2 per cent 
to 60.2 per cent; at 25 cm crown-heel length the range extends from 
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7.0 per cent to 64.2 per cent; and at 50 cm, from 8.0 per cent to 64.8 
per cent. At each of these intervals the distance from the umbilicus 
to the pubis has the least, and the bi-deltoid circumference has the 
greatest, relative size of this group of dimensions. 

The relative sizes of the various trunk dimensions at each month 
of the fetal period are shown in table 105 and figures 44 and 47. 
At three months these values range from 61.7 per cent for the bi- 
deltoid circumference, to 6.5 per cent for the distance from the pubis 


FIGURE 46 


Tur GROWTH OF THE XTERNAL DIMENSIONS OF THE ABDOMEN (AS DETERMINED 
BY EMprricAL FoRMULAE) WITH REsPEcT TO AGE IN THE FETAL PERIOD 
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Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Scammon and Calkins). Ordinates: External 
dimensions of the abdomen (mm). 
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to the umbilicus. At six months the range is from 64.4 per cent to 
7.3 per cent, and at ten months it is from 64.8 to 8.0 per cent, for the 
same dimensions. 

b As indicated by our empirical formulae, there is a marked difference 
in trend in the various relative OneIOn: of the trunk in the fetal 
period. Using the values obtained from the empirical formulae de- 
veloped by graphic methods, it is found that 7 dimensions, all of the 


FIGURE 47 


THE CHANGES IN THE RELATIVE S1zE OF THE EXTERNAL DIMENSIONS 
OF THE ABDOMEN IN THE FRTAL PERIOD 
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Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Scammon and Calkins). Ordinates: Relative 
values of the external dimensions of the abdomen expressed as per cents of the 
crown-heel length. 


1. Circumference at tenth rib 7. Transverse diameter at umbilicus 

2. Circumference at umbilicus 8. Antero-posterior diameter at tenth rib 
3. Distance from sternal notch to pubis 9. Antero-posterior diameter at umbilicus 
4. Distance from sternal notch to umbilicus 10. Distance from xiphi-sternal junction to 
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. Distance from xiphi-sternal junction to umbilicus 
pubis 11. Distance from sternal notch to xiphi- 
6. Transverse diameter at tenth rib sternal junction 


12. Distance from umbilicus to pubis 
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thorax, show no change in relative size with respect to crown-heel 
length during the fetal period, while the remaining 15 show increases 
in relative as well as absolute size. Thirteen of the latter group show 
an increase of less than 5 per cent. The two largest changes are in 
the circumference at the level of the tenth rib and in the circumference 
at the umbilicus, which make gains in relative size of 7.2 and of 10.0 
per cent, respectively, between 5 and 50 cm crown-heel length. 


TABLE 102 
Per Cent or Natat VALUE ATTAINED BY EacH EXTERNAL DIMENSION 
OF THE THORAX AND ABDOMEN AT EacH FIVE-CENTIMETER 
INTERVAL OF CROWN-HEEL LENGTH 


Percentage of natal value at crown-heel lengths of: 


Dimension ] 
5em.|lOcm|15cm/ZOcm! C5cr 50cm! 35cm] 40cm. Ad5cm|50cm. 
Bi-acromial diameter 10.0] 20.0| 30.0} 40.0| 50.0] 60.0} TO.0} 60.0} 90.0/100.0 
Nipple lo nipple distance 10.0} 20.0} 30.0|40.0| 50.0) 60.0} 70.0} 80.0] 90.0/100.0 
a deltoid circumference 9.3 | 19.4) 29.5| 39.5|49,6| 59.T| 69.8! 79.8} 90.0 100.0 
diameter 8.3 | 18.5] 28.7|38.9)49.1|59.2| 694} T9.6| 898)100.0 


crneens of thorax at nipples | 10.0 | Z0.0/ 30.0|40.0} 50.0) 60.0} 0.0} 80.0/ 90.0/100,0 
Transverse diameter at nipples 10.0} 20.0} 30.0|40.0) 50.0} 60.0} TO.0| 80.0) 90.0/100.0 
Anlero-posterior diameter at nipples | 10.0 | 20.0) 30.0/40.0| 50.0} 60.0} T0.0| 80.0/ 900 100.0 
Circumference at xiphi-sternal junction) 9.T | 19.1 | €9.8| 59.8) 49.6) 52.9| 69.9 79.9) 90.0|100.0 
‘Transverse diameter at xiphi- oul eet 10.0} €0.0} 30.0} 40.0} 50.0} 60.0} 70.0} 60.0) 90.0/100.0 
Anfero-posterior * « 10.0 | 20.0} 30.0|40.0} 50.0) 62.0} TO.0} 80.0} 90.0 1000 
Circumference at tenth rib 8.9 | 19.0} €9.1| 39.2}49.4 | 59.5} 69.0) T9.T|89.9/1000 
Transverse diameter at tenth rib 9.1 | 19.3} 29.3) 594|49.5| 59.6) 69.7) T9.8)89.9'100.0 
Antero-posterior diameter at tenth rib | 9.0] 19.2) 29.2|323)494|59,.60|69.T| T9.T| 69.8 100.0 
Circumference at umbilicus 8.2 | 18.4 | 8.6) 38.8) 49.0) 59.2 69.4) 79.6) 69.8) 1000 
‘Transverse diameter at umbilicus 8.1 | 18.3) €6.5) 38.7 |48.9| 59.1) 69.4) T9.6| 69.8/1000 
Anlero-poslerior diameter at umbilicus | 9.0} 19.0] 29.2) 39.3|49.4| 59.5|69.7| 19.8} 69.9/100.0 


eipel notch to pubis 9.9 | 18.8) CT.T| 36.6|45.5| 54.4| 06.5) TT.0) 687/000 
“ umbilicus 10.0 | 19.0) €T.8| 50.7 |45.6) 50.5) 67.3} TA.?| 82.1 1000 

* * xiphi-sternal junction] 1.5} 17.8) 28.0) 36.3/48.6| 58.9) 09.2) 794) 69.T:1000 

Xiph ere Junction to pubis 9.6) 18.0) 20.3} 54.T| 43.0) 54.4) 65.8) TT.2| 66.6/1000 
"—" umbilicus | 10.5} 18.3) €0.3|344 |42.3|53.9|05.4 | 10.9] 88.51000 

Umbilicus to pubis 1.8} 10.8| 258) 54.6) 43.8) 55.0| 66.3} TT.5| 88.8100 


Some of the changes in the proportions of the trunk may be illus- 
trated by the use of indices. The relation of the breadth of the trunk 
to its height may be expressed by a value obtained by dividing the 
computed bi-acromial diameter by the computed distance from the 
sternal notch to the pubis and multiplying the result by 100. This 
figure is 72.9 at 5 cm crown-heel length, 78.7 at 25 em, and 71.5 at 
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50 cm; and 74.4 at three fetal months, 78.9 at six months, and 71.5 at 
ten months or birth. The relation of the girth of the trunk to its 
length may be expressed by an index formed by dividing the com- 
puted circumference at the level of the nipples by the computed 
distance from the sternal notch to the pubis and multiplying the result 
by 100. This index is 193.5 at 5 em crown-heel length, 209.8 at 25 cm, 
and 190.7 at 50 em; and 199.5 at three fetal months, 210.3 at six 


TABLE 103 
Per Cent oF Natat VALuE ATTAINED BY EACH EXTERNAL DIMENSION OF 
THE THORAX AND ABDOMEN AT THE CLOSE OF 
Eacuh Monty oF THE FETAL PERIOD 


: ; Percentage of natal value at: 
Dimension ] 

3mo.| 4mo.| 5mo.| Omo.| Tmo. | 8mo. | Imo. |lOmo. 

Bi-acromial diameter 14.1 | 51.0 | 454 | 582 | 69.8 | 80.5 | 90.5 100.0 
Nipple lo nipple distance 14.1 | 31.0 | 454 | 582 | 698 | 80.5 | 90.5 |100.0 
eoeeles circumference 13.4 | 304 | 450 | 578 | 69.6 | 804 | 90.5 |1000 
" diameter 12.5 | £2.T | 444 | STA | 092 | 8AL | 90.5 1000 
Cannes of thorax at nipples 14.1 | 31.0 | 454 | 582 | 69.8 | 80.5 | 90.5 |1000 
Transverse diameter at nipples 14.1 | 31.0 | 454 | 582 | 69.8 | 80.5 | 90.5 |100.0 


Antero-posterior diameter at nipples 14.1 | 31.0 | 454 | 5&2 | 69.6 | 80.5 | 90.5 |100.0 
Circumference at xiphi-sternal junction | 13.6 | 30T | 452 | 56.0 | 697 | 80.5 | 90.0 |1000 
Transverse diameter at xiphi- Se saree 14.1 | 31.0 | 454 | 58.2 | 69.6 | 80.5 |90.5 |1000 


Anlero-posterior» » * 14.1 | DLO | 454 | 58.2 | 69.6 | 80.5 | 90.5 11000 
Circumference at tenth rib 13.0 | 30.1 | 447 | 576 | 694 | 80.3 |90.5 |100.0 
Transverse diameter at tenth rib 13.3 | 302 | 44.9 | 57.8 | 69.5 | 603 | 90.5 |100.0 
Antero-posterior diameter at Jenthrib | 13.1 | 30.2 | 44.6 | 57.T | 69.5 | 80.4 | 90.5 | 1000 
Circumference at umbilicus it4 | 290 | 442 | 57.3 | 692 | 81 | 904 |1000 
Transverse diameter at umbilicus 12.3 | C94 | 44 | 57.3 | 69.2 | 801 | 904 |100.0 
Antero-posterior diameter at umbilicus | 13.1 | 50.1 |44.7 | 57.1 | 694 | 80.3 | 904 1000 
Sternal notch to pubis 13.5 | £85 |413 | 52.7 | 603 | TAZ | 90.0 1100.0 
“ umbilicus ID GOT) 441A 545) OL 69 769.6. 1000 

. “  xiphi-sternal junction | 11.7 | 29.1 |43.9 | 57.0 | 69.1 | 80.1 | 90.3 | 100.0 
SHLD sslernal fonction to pubis MS | eNO areen (sXe) | Oey (acts) 1110)0x0) 
“ umbilicus 1959 GLOW 90D 91,07) 05.6 | TL6 109.03 1000 

Umbilicus to pubis 114 | 206 | 39.6 | 53.0) 659 | 78.1 | 89.3 | 1000 


months, and 190.6 at ten months or birth. Thus apparently the trunk 
is more slender in the early part of the fetal period than in the middle 
portion, but is again reduced in breadth before birth. But we must 
point out that these indices are based upon the use of the distance 
from the sternal notch to the pubis, which we have computed as a 
bi-phased curve, and which we regard as probably distinctly affected 
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by posture. The data of Friedenthal, Lafaille, and Reicher (figure 40, 
tables 175 and 180) on this dimension do not show this bi-phased 
progression, and we think it most probable that were the artifacts of 
posture properly eliminated from our data the relation of this dimen- 
sion to crown-heel length would be best expressed as a straight line. 
Were this the case, the indices would show a constant reduction 
during the fetal period. The second of these indices has been deter- 


TABLE 104 
RELATIVE SIzE OF THE EXYERNAL DIMENSIONS OF THE THORAX AND ABDO- 
MEN (COMPUTED AS PER CENTS OF THE CROWN-HEEL LENGTH) AT 
Eacu Fivi-CrntTIMETER INTERVAL OF CROWN-HEEL LENGTH 


: : Per cent. of total (crown- heel) length at: 
Dimension $ lane 
l20em 75eml3 [40cm/45¢ 
CED CGD CEONEGD 


Bi-acromial diameter Ces Ges 


Nipple fo nipple distance LE SNES MESES V1C.5l (Ge DINE Stee 
Bi-deltoid circumference _ 60.2 | 62.8 | 03.6 |04.0| 04.2 |64.4|64.5| 64.6| 04.7 64.6 
« "diameter 22.0| 4.5 | 25.3 |25.8| 20.0 | 00.2 | 20.3| 20.4 | COA| 20.5 
Circumference of thorax at nipples | 600/60.0|60.0|60.0/60.0|60.0) 60.0) 60.0 |60.0| 6Q0 
Transverse diameter at nipples €0.3 | €O.3 | 20.3 | 20.3] 20.3 | 20.3 | 20.3} 20.3 | 20.3} 20.3 


Anfero-poslerior diameter at nipples | 1T.5| 17.5} 17.5) 17.5 | 17.5 | 17.5) 17.5) 17.5 | (7.5) 17.5 
Circumference at xiphi-slernal junction |©0.0] 61.0/61.3 |61.5|61.0 |61.7| O1.7/ 61.6] 61.8) 61.8 
Transverse diameter at xiphi- Silke junction 20.5} €0.5 | 20.5 | 20.5 | 20.5 |20.5} €O.5| 20.5 | €0.5| 20.5 
Anlero-posterior " " "| 18,0} 18.0} 18.0} 18.0) 18.0 | 18.0} 18.0] 18.0 | 16.0) 18.0 
Circumference at tenth rib 50.0} 00.0 | 61.3 | 62.0 | 62.4 |02.7| 02.9 | 03.0 |63.1| 02.2 
Transverse diameter af tenth rib 18.8 | 19.8 | 20.1 | 20.3 | 20.4 | COA | €0.5) 20.5 | 20.5) 20.6 
Antero-posterior diameter at tenth rib | 10.2 | 17.3 | 17.6) 17.8 | 17.6 | 17.9] 18.0) 18.0 | 18.0} 18.1 
Circumference at umbilicus 44.¢ |49.8| 51.6 | 52.5} 53.0 | 554 | 53.7 | 53.9 | 54.0) 54.2 
Transverse diameter at umbilicus 15.0} 17.0} 17.7 | 18.0} 18.2 | 18.3) 18.4) 18.5 | 18.6} 18.6 
Antero-posterior diameter at umbilicus | 14.6} 15.5} {5.9 10.0) 16.1 | 16.2 | 16.2 | 10.3 | 10.3} 16.3 


Sternal notch fo pubis 31.0 | £9.5 | €9.0] 28.8 | 28.6 | 28.5) 29.9) 30.5| 31.0) 51.5 
. “— “ umbilicus €5.0| €5.5| 230 | 22.8) 2.0 | 23.3) 23.9) 74.3 | 4.0/4.8 

" “  xiphi-slernal junction | 8.0} 9.5} 10.0/ 10.3} 10.4 | 10.5} 10.6] 10.6| 10.T | 10.7 
Noes il junction fo pubis CC.0} 20.5 | 20.0) 19.8 | 19.6 |20.T| 214 | 22.0 |C22A | 02.8 
“ “ umbilicus 16,0) 14.3 | 13.7 | 13.4 | 13.2 | 14.0) 14.6) 15.0 | 15.3 | 15.6 

Umbilicus lo pubis O.€| OT} 0.6) 7.0} 7.0) T.5| 7.6) 1.8) 79} 8.0 


mined by Schultz, who found it to be 238 per cent in fetuses of nine 
weeks and to decrease to 178 per cent in the newborn. 

A number of indices may be employed for expressing the form 
changes in the chest. Of these, the one most generally used is the 
thoracic index, computed by dividing the antero-posterior diameter 
of the thorax by the transverse diameter and multiplying the result 
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by 100. The thoracic index at the level of the nipples is 87.1 at 5 em 
crown-heel length, 86.6 at 25 em, and 86.4 at 50 em; and 86.7 at three 
fetal months, 86.5 at six months, and 86.4 at birth. At the level of 
the xiphi-sternal junction, this index is 87.4 at 5 em crown-heel 
length, 87.7 at 25 em, and 87.8 at 50 cm; and 87.6 at three fetal 
months, 87.8 at six months, and 87.9 at birth. The index at the level 
of the tenth rib is 86.2 at 5 em crown-heel length, 87.6 at 25 em, and 


TABLE 105 
RELATIVE SIZE OF THE EXTERNAL DIMENSIONS OF THE THORAX AND ABDO- 
MEN (COMPUTED AS PER CENTS OF THE CROWN-HEEL LENGTH) 
AT THE CLosE oF Eaco Monru oF THE FETAL PERIOD 


: . Per cent. of total (crown-heel) length at: 
Dimension 


Bi-acromial diameter CODE OGG.OqicG.)) Gl) iCO.o.| COO GG.) 
Nipple fo nipple distance EOC EAC OSes Ie SueLCO 
Bi-deltoid circumference O1.T | 03.6 | 64.2 | 644 | 64.5 | 64.6 | 64.7 | 648 
» «diameter CAN EDA L5D) (CON NEO. 5) COA, COD 1-00.59 
Circumference of thorax af nipples 60.0 | 60.0 | 60.0 | GO.0 | 60.0 | 60.0 | 60.0 | 60.0 
Transverse diameter at nipples GOD; CO9 1 £095" CO.53 60.91 COG £05) i005 


Antero-posterior diameter at nipples een ahesriaVeey Sven Veen MyGen Neon wives, 
Circumference at xiphi-slernal junction | 60.6 | 61.3 | 61.5 | 61.6 | O17 | 61.6 | 61.8 | 61.8 
Transverse diameler at xiphi- elit pot €O,D)520,5:),£0:5))€0.9:1,CO.5 |, C0: 20:5 |,C0.5 


Antero-posterior " " 16.0 | 16.0 | 18.0 | 18.0 | 18.0 | 18.0 | 18.0 | 18.0 
Circumference at tenth rib 5629") O15 625 |} 06.67)'O2.971°635,0)! 63:1.) O32 
Transverse diameter at tenth rib 19.4 | 20.1 | 20.3 | 20.4 | 20.5 | 20.5 | 20.5 | 20.6 
Antero-posterior diameter at fenth rib | 16.6 | 17.6) 17.8 | 17.9 | 18.0 | 18.0 | 18.0 | 18.0 
Circumference at umbilicus AC el 5C.0.) S94 VDOT |.39.98) 54.00 54.6 


Transverse diameter at umbilicus 16.2 | 17.7 | 18.1 | 18.3 | 184 | 16.5 | 16.6 | 18.6 
Antero-posierior diameter at umbilicus | 15.1 | 15.8} 10.1 | 16.2 | 16.2 | 10.3 | 16.3 | 16.3 


Sternal noich fo pubis DODGE OOMCO TA RLOD COO 0.51 Olio 
i « — « umbilicus FA.2 | 23.0 | 22.6 | 25.2 | 23.9 | 4.3 | 04.6 | 4.6 

« « xiphi-sternal junction | 6.9 | 10.0 | 10.4 | 10.5 | 10.6 | 10.6} 10.7 | 107 

Xiph “slernal junction to pubis ELE | I99-119,T | C05) C14 | 22.0) 22.5 | 22.5 
is « umbilicus 15.0 | 13.6 | 13.3 | 13.9 | 14.6 | 15.0] 15.4 | 15.6 

Umbilicus lo pubis O09 WhO TI OG 1G 9tcG.O 


87.8 at 50 cm; and 86.9 at three fetal months, 87.8 at six months, and 
87.8 at ten months or birth. These figures indicate that there is little 
change in the relation between the breadth and depth of the chest in 
the fetal period, although the upper portion of the thorax seems to 
flatten slightly in this interval, while the middle portion remains 
practically constant, and the lower portion undergoes a very slight 
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increase in relative depth. Schultz, who measured the thoracic 
diameters at the level of the junction of the fourth pair of ribs with 
the sternum, found an increase in the transverse, as compared with 
the sagittal diameter. 

The relative growth in girth of the upper and lower parts of the 
thorax may be expressed as an index by dividing the computed 
circumference at the nipples by the computed circumference at the 
tenth rib and multiplying the result by 100. The values obtained 
are: 108.0 at 5 cm crown-heel length, 98.3 at 25 cm, and 96.7 at 
50 cm; and 104.2 at three fetal months, 97.8 at six months, and 97.2 
at ten months or birth. These figures indicate that the lower portion 
of the thorax grows relatively more rapidly than the upper portion. 
In other words, the angle of the thoracic cone is becoming more acute 
during the fetal period. This change may be due to the flaring of the 
lateral thoracic walls inferiorly through the increase in mass of the 
abdominal viscera, and particularly to the growth of the intestinal 
mass, which as has been pointed out by Cameron, is very marked 
in the latter part of fetal life. 

Some concept of the growth in length of the thorax as compared 
with its depth and breadth may be obtained by dividing the com- 
puted distance from the sternal notch to the xiphi-sternal junction by 
the computed diameter of the thorax and multiplying the result by 
100. This index, calculated for the transverse diameter at the level 
of the nipples, is 39.6 at 5 em crown-heel length, 51.4 at 25 em, and 
52.8 at 50 cm; and 44.1 at three fetal months, 51.8 at six months, 
and 52.8 at ten months or birth. A similar index made with the use 
of the computed transverse diameter at the xiphi-sternal junction 
gives approximately the same figures. The values obtained by divid- 
ing the distance from the sternal notch to the xiphi-sternal junction 
by the antero-posterior diameter at the nipples are: 45.5 at 5 cm 
crown-heel length, 59.4 at 25 cm, and 61.1 at 50 em; and 50.8 at three 
fetal months, 59.9 at six months, and 61.1 at ten months or birth. 
Similar values are obtained when the antero-posterior diameter at the 
xiphi-sternal junction is used in computing this index. These figures 
indicate that the thorax is becoming more elongated both in relation 
to its transverse and to its antero-posterior diameters during the fetal 
period, and support the general concept that the trunk becomes more 
slender in this interval. 


The growth of the girths of the upper and lower parts of the trunk 
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may be expressed by an index computed by dividing the calculated 
circumference at the nipples by the calculated circumference at the 
umbilicus and multiplying the result by 100. This index is 135.7 
at 5 cm crown-heel length, 113.1 at 25 cm, and 110.8 at 50 cm; and 
126.5 at three fetal months, 112.5 at six months, and 110.8 at ten 
months or birth. Thus the girth of the abdomen is growing more 
rapidly than that of the upper portion of the thorax. This conclusion 
is in harmony with the findings given above for the relation between 
the circumferences of the upper and lower parts of the chest. 


JevsWasat AVAL 


SUMMARY OF FINDINGS ON THE EXTERNAL 
DIMENSIONS OF THE PELVIS 


I. Introductory Note 


The fetal growth of the pelvic region was studied by measurements 
of six pelvic dimensions. Four of these, the intercristal, the inter- 
spinous, the external conjugate, and the intertrochanteric diameters, 
are standard pelvic dimensions. The remaining two, the height of 
the pelvis and the bi-tuberous distance, are less commonly measured. 
All of these dimensions are linear determinations, four being trans- 
verse diameters, one a cranio-caudal distance, and one an antero- 
posterior (dorso-ventral) diameter. One of these dimensions (the 
intertrochanteric diameter) involves parts of the inferior extremities 
as well as the pelvis proper. 


II. Consideration of Individual Dimensions* 
49. Height of Pelvis (Crest of Ilium to Rump) 
(Field Graph 49, Table 106) 


This dimension represents the greatest vertical distance from the 
highest point of the crest of the ium to the soft tissues over the 
tuberosity of the ischium. This is one of the few dimensions that 
shows a slight reduction with injection and subsequent preservation 
in formalin. Injection alone produces a diminution of 0.2 per cent in 
this dimension, and this decrease continues rather steadily to 4.6 per 
cent after six months’ preservation. 

Table 106 gives a summary of our findings regarding the height 
of the pelvis in the fetal period. The calculated means, as determined 
by empirical formulae, for the 5 em intervals of crown-heel length 
from 5 to 55 cm, inclusive, show a fairly close agreement with the 
corresponding observed averages. The average weighted absolute 
deviations range from about 0.5 to about 0.7 mm, and the cor- 
responding percentage deviations fall between 2.0 and 2.5. 

This dimension does not seem to have been previously measured 
in fetal life. Le Damany, studying this or a similar dimension in a 
series of 200 living, newborn children, obtained an average of 8.81 em 


* The plan used in preparing the following summaries is described in Part I, 
Section IV (p. 54) of this monograph. 
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for males (average crown-heel length 49.3 cm) and 8.89 em for females 
(average crown-heel length 49.2 cm). Our natal value, as computed 
by the graphic formula (at 50.2 em crown-heel length), is 7.4 em. 


TABLE 106 


Heiont or Petvis Crest or Jutum To Rumer) 
155 CH (m™.) -4.0mm. (245 cases) 


Crown Heel Crown Height of Pelvis (nm.) Difference Calculated Values at 5cm 


cca E769 | 185.8 | 43 | 32 
t 
500-550| 326.7 | 220.1 | 52 | 38 45.6 


Length Rum between {Number} Intervals of Crown HeelLength 
(mm) Wests ____ Observed _ calculated, _@) and) ae 2 I Value |, Fer cent 
Range | Mean | (mm) Max.) Min. Mean (a) | Mean () mm. Percenl. = Lengtb Com) ee 
Ee oo ets | slo | -enles 4 46 J—16 |/-30 | 65) te visa 
. lire ae i ieee 
50-100; 5.6 NOV Us ae Tp Ss | Te -09 ;-105} £2 SON mcOn 
t =| 
{00-[50! 12386 | 884 | 20 t {0 15.0 : SBE 40.2 | +13] 30 1D Sea GHC 
+ =— 
150-200) 1723 | 119.0 | %& | 19 €2.0 CL.T ONE I eoer|| see (40) £700; 40 
t —= == + 
£002.50 | il ISG oO [Go 50.8 | oO 40.3 ;+10] 30 £5 D475 1 &9 
t f- fj } 
fin 58:0 Ye) 40.5 ;+08] 21 30 | 46.50 | ate, 
| 


36 
466 | +10 ,+22] £9 SON DOLD 18 
pat | «Le 1+ 25 £5 AO i 58.00 15 
OL5 | +13 | +he| 19 |) 45 | 655 Las 
CODy NEO | LO Me 50 | 7350 12 
-03| {7 55 |! e125! 10 


350-400 3.0 | 2506 | 64 | 41 
40045014020 [ LOBL 69 | BE 60.2 
450-500! 474.3 | 222 | To | 60 | TOR 
500-5441 525.1 | 3029 | 91 | 65 | Tre 


50. Interspinous Diameter of Pelvis 


(Field Graph 50, Tables 107 and 108) 


The interspinous diameter of the pelvis was measured as a straight 
line between the lateral surfaces of the two anterior superior iliac 
spines. The measurement was made with points of the calipers 
pressed firmly against the skeletal points in question. The inter- 
spinous diameter is raised less than one-half of 1 per cent by injection, 
but subsequent immersion in formalin increases the dimension ap- 
proximately 3 per cent. 

Table 107 summarizes our findings for this diameter. The cal- 
culated values, as determined by empirical formulae, for 5 cm inter- 
vals of crown-heel length from 5 to 55 em, inclusive, show average 
departures of less than 1 mm and of 2 per cent or less from the cor- 
responding observed means for these intervals. Most of this error 
lies in the correction for the effects of injection and preservation in 
the last two 5 em intervals of the progression. 
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So far as we are aware, there are no published data on the growth 
of the interspinous diameter in the fetal period. But a number of 
studies of the growth of the pelvis in postnatal life include measure- 


TABLE 107 


INTERSPINOUS DIAMETER OF PELVIS 
145 CH (mm.)-2.5mm. (245 cases) 


Bey (72.3 | {19.0 | %8 

25 29.8 BO al OS areal umeee | 25 
Be 374 Kol | OS = Os || ei | 30 
3a | 440] 44.9 |+01 (70% | 29 


£00-250! 225.9 | 153.1 | 30 


250-300] 272.9 | 1836 | 45 


=: 


Crown Heel . : Difference Cakulated Values at 5cm. 
Length Interspinous Diameter (mm.) pon 
[@) 
sue Ouse tinct es Neen Cm aioe ence 
Range ae Max | Min. |Mean (a) Mean(b) mm. |Percenl. Eel) (mm) Hose ement 
£550) 375] 516) 6 , 3 48 29 |}-19 1-290] {2 5 4715 | 
t t | 
50-100! 764 on | {I ! 5 6.5 66) NHOt Me een) oo fo | 12.00 
L r } f 
100150! 1238 | 884 | £0 {iS eISA | 15.5 lewO.l eGo. | 50 19.25 
19 EA) CES N= Of me G4: en ce 26.50 
| 
| 
| 
| 


t 
300-350 | 526.7 | 20.1 51 


360-400} 3720 | 2506 | 58 | 


t 
400-450 | 422.6:| £68.2 | oT ! 5! 58.1 58.8 (pee te See 19 45 


' | 
eligi aes || fell GG |! 62h | 60.5 |- 54 


500-544! 55.1 | 202.9 | 68 ! TI 76.9 CAG laos P=ZAh) ) ly 55 


ments of the diameter in the newborn. The more important averages 
for the newborn are listed in table 108, together with our calculated 
natal value (as obtained by the graphic empirical formula). 


TABLE 108 
AVERAGE INTERSPINOUS DIAMETER OF THE PELVIS AT BIRTH 


AVERAGE 
AVERAGE INTERSPINOUS 

OBSERVER BODY-LENGTH aNere anu ae 
(cm) (cm) 
‘HlemGnales) erga er ee Lee on 6.86 
lei (females eae ke nell ee see ee 7.38 
KonikoweGn ales). seq eee ae ome ee 6.83 
FCOnIKO WA Lema les) ee ees ee cee oe ceiaet i mene 6.33 
Tatewossolt (males). oe ss 44 a 51.9 7.20 
TAtewossomademales)..see cytes oer oles 7205 
Present series (calculated)............ 50.2 7.03 
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51. Intercristal Diameter of Pelvis 
(Figure 48, Field Graph 51, Tables 109, 110, and 176) 


The intercristal diameter of the pelvis was measured as a straight 
line, in the transverse plane of the body, between the most lateral 
extensions of the iliac crests. The technique of measurement was 
similar to that employed for the interspinous diameter. This dimen- 


FIGURE 48 


THE GROWTH OF THE INTERCRISTAL DIAMETER OF THE PELVIS IN THE 
FretTauL Prriop as DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: Intercristal 
diameter of pelvis (mm). 


TABLE 109 


INTERCRISTAL DIAMETER OF PELVIS 
1625 CH(mm.)-2.5MM. (240cA3E5) 


Intercristal Diameter (mm.) Difference Calculated Values at 5cm. 
Rump between 2 ead Intervals of Crown Heel Lens} 
Length Observed Calulated|_(@) and (b) | CHT oy, Per cent. 

ases falue |. 
Mean | ©) | Max. Min. Mean (a), Mean(b) mm. Perce ce gh |_ (om) Jncrement 


en 1 


575} 51.6 tf 3 5k 5.6 | -16 | 308} Ie 5 5.605 = 


+ 


(qescsuu io | 6, 87 | 99) se ee 239 | 10 , 13750, 144 
1 | 
1236] 664 | 21 | 19 | 16 | 176 | +10 | +00| 30 | 15 | 18m, 59 
Tt 
150-200), 17€.5.\- 11910 | 32 4. ee 2A9 £55 | 406 | +24 | & £0 30.000 
! ! sisnrate 4 
2oonso| re63| 153.¢ | 40 | eT | 392 | 49 | oll | +33] 30 | 5 | S0ue5 | 
250-200! £729] 1636 | 50 | 36! 416 , 416 | #00 0a 30 _| 46250 | 
t i 
300-2501 320.7| 2201 | 56, 44 1 507 | 506 | -o1 | -0z 
f 


zo | 35 | 54375 
350-400| 372.0} 2506 | 68 | 48 | 578 | 500 | +02 | +03 | 25 | 40 | 62500 | 
59 | 6a | 602 | -a2 ES 19 | 45 | 70.025 | 

78.6 T46 | -40 | +54 


668) | =54 61 


+ 
500-544 | 525.1 
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sion is increased approximately 3 per cent by injection and this in- 
crease rises to 7.2 per cent after three months’ preservation in forma- 
lin. It then undergoes a decrease to 5.9 per cent at the end of six 
months’ preservation. 

TABLE 110 


AVERAGE INTERCRISTAL DIAMETER OF THE PELVIS AT BIRTH 


AVERAGE 
AVERAGE 
OBSERVER BODY-LENGTH aS eas 
DIAMETER 

(cm) (eit 
Diegliee a eatrrc cts iw tts eG oriented Sie 9.0 
EDITS Umerneee ie arene teat, ne eer ane oe 9.5 
SPSL ITA LES) tree, «eal vaccrs hc, treme Fl cere 8.08 
Wilelna tem ales as even sec ws. Paere wt eau s 7.36 
Wmonikow sales) a6 2c fic ee ea es a (eo 
Frontkowaemales ime, a..<as o.oo ene ak hea 
Bes Wamanys(males)=5..0 2s f.1ee cn back 49.3 9.8 
Le Damany- Gemales)......:6.505.06. 49.0 eke 
Queteletz(males) weirs. ind hs! eee 50.0 7.9 
Oueuelet: (temiales)'2 sania. ss ex Ses 8s 49.4 7.8 
PRAteWOSSOLls (MIAlES inno he yg cote were 519 7.95 
Tatewossolt (females). 0.2,. 6c ss cao e Olea 7.8 
AAV LOT SIOS ee nee ree See ete esa ae ‘a 4 8.0 
aaylor (females yen en. an a endo tae 50.0 7.8 
Weissenbere (males). veo.0e dias he ees 50.8 (28 
Weissenberg (females)................ 50.0 Theat 
Present series (calculated)............ 50.2 19 


Our summarized findings for this dimension are given in table 109. 
The average absolute deviations of the calculated from the observed 
values for the 5 cm intervals of crown-heel length, from 5 to 55 cm, 
inclusive, range from about 0.9 to about 1.3 mm. The corresponding 
relative deviations range from about 2 to 2.5 per cent. As in the case 
of the interspinous diameter, these deviations are greatest in the last 
two 5 cm intervals of the distribution, and are due mainly to the 
correction for formalin injection and preservation. 

The data on this dimension in the fetal period have been published 
by Lafaille and by Retzius. Our findings give values that are slightly 
below those of the latter author, while Lafaille’s averages show greater 
irregularity, as will be seen by the curve of his data in figure 48. 
There are considerable data on the value of the intercristal diameter 
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at birth. The averages of the chief series of observations are given 
in table 110. 
52. Intertrochanteric Diameter of Pelvis 
(Figure 49, Field Graph 52, Tables 111, 112, and 176) 


This dimension represents the distance between the lateral surfaces 
of the greater trochanters with the thighs moderately adducted. 
We were surprised to find that the experimental error in determining 
this diameter was relatively small. This dimension is increased 1.3 
per cent by injection and continues to increase during subsequent 
preservation in formalin. The correction figure after six months’ 
immersion is —2.8 per cent. 


FIGURE 49 


THE GROWTH OF THE INTERTROCHANTERIC DIAMETER OF THE PELVIS 
IN THE FETAL PERIOD AS DETERMINED BY VARIOUS OBSERVERS 


Cakulated 
—-—-— Friedenthal 
—-— Lafaille 


0) 50 100 150 z0O 250 300 350 400 450 500 550mm. 


Abscissa: Crown-heel length (mm). Ordinate: Inter- 
trochanteric diameter of pelvis (mm). 


Table 111 summarizes our findings for the intertrochanteric di- 
ameter. The calculated values of the 5 cm intervals of crown-heel 
length, from 5 to 55 cm, inclusive, show average deviations ranging 
from about 1.5 to 2.6 mm from the corresponding observed means. 
The corresponding average relative deviations range from about 2.7 
to about 3.8 per cent. The greatest deviations are found in the fifth 
and the last two 5 em intervals. Those of the last two intervals seem 
due mainly to correction for formalin artifacts. 

The growth of the intertrochanteric diameter in the fetal period 
has been previously studied by Caspar, Friedenthal, and Lafaille. 
Our findings are in quite close agreement with those of Lafaille and of 
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Caspar. Friedenthal’s averages are distinctly above those of all other 
observers. The available data on this dimension in the newborn are 
summarized in table 112. 

TABLE 111 


INTERTROCHANTERIC DIAMETER OF PELVIS 
.ITT5 CH (mm.)-3.5mm.(244 cases) 


Crown Feel ft ‘CDi Difference Calculated Values at 5cm. 
Length Ee DE a | aheicen al Ninberiini-rvels Gone eae 


(mm.) Observed Calculated (a) and (b) Value T Per cent. 


fan Sone ee CH f 

Range _| Mean | Min. 'Mean(e); Mean()| pom. 'Percent Wace (mm) pe 
+ aij = 

£9- 50 : ‘ 35 5. D1 | -22 1-415 5319 = 


= | = = 
50-100 y ; 99 10.1 40.2 |+£.0 14.250 


if al t 
100-{50 . 179 18.6 | .07 +99 2325 


150-200 26.5 CG or aie) 
£00-250 : 34.7 20.6 <p OD) 
A449 +O? 
- 04 
+ 03 
- le 
- 69 
= ol 


TABLE 112 
AVERAGE INTERTROCHANTERIC DIAMETER OF THE PELVIS AT BIRTH 


AVERAGE 
AVERAGE INTERTRO- 
OBSERVER BODY-LENGTH CHANTERIC 
(cm) DIAMETER 
(cm) 
AD a ee et te eee Re Ree ates ne 9.0 
1 OT est iy Gite: 4 (EC) ee Me ae a ee ae 9.25 
Hclemme(feni ales erewkee: 0 oF SG utes De ene 9.58 
Kon ko waa les) sem titenctes.c ores cnet mma: 9.0 
Konikoweemales here. eee an ooees aces 8.72 
Quetelet: (males)i< sn see oe oe 50.0 10.5 
Ouretelet (females) =. tno ee one eee oe 49.4 10.4 
Tatewossoff (males).................. 51.9 9.2 
Tatewossottu(females), <2 54..0 24062 -: Silev 9.05 
ay lonsdmales) seve eee is mots Se eee LEZ Oe 
Maylon(enmalesy\ .c.8 crn ate te ie 50.0 8.9 
WieDSten secs cert, cates tree tances oleae a 9.0 
Present series (calculated)............ 50.2 8.6 
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53. External Conjugate Diameter of Pelvis (Diameter of Baudelocque) 
(Field Graph 58, Tables 113 and 114) 


This dimension was measured from the superficial tissues over the 
inferior margin of the symphysis pubis to the space between the last 
lumbar and first sacral vertebra. Considerable difficulty was en- 
countered in determining these points with accuracy. The external 
conjugate diameter is increased 22.2 per cent with injection. After 
six months’ subsequent preservation in formalin the value in pre- 
served material is 22.4 per cent greater than in fresh specimens. 


TABLE 113 


EXTERNAL Conyucate Diameter or Pevvis 
-115 CH(mm™.,) -1.0m™. (237cases) 


Crown Heel | Crown | External Conjugate Diameter (mm.) | Difference Calculated Values at 5cm. 
Length Rump between Memes Intervals of Crown Heel Length 
(mm) ed @landb) | ° Chim! Value | Per cent. 


cases ! 
pate | (mm) increment 


50-1001 764 


: 
100-150 | 123.6 : : . | 1o25 | 55 


t 
150-200 | 172.3 
++ 
200250 | £25.5 
250-300 2729 
300-350 | 3273 
= 
350-400 | 372.1 
eel 
400-450 t 4226 
| 
450-500 |4743 
500-544 | 525.1 


Table 113 summarizes our findings for this dimension. Despite the 
large errors introduced by the difficulties of measurement and by 
formalin artifacts, the agreement of our calculated and observed 
values for the external conjugate diameter is fairly satisfactory. 
The calculated values for the 5 cm intervals of crown-heel length, 
from 5 to 55 cm, inclusive, show average absolute deviations of 1.5 
to 2.0 mm, and relative deviations of 3.6 to over 5 per cent, from the 
corresponding observed averages. 

We have found no published observations on this diameter in the 
fetal period. There are, however, several sets of observations on the 
natal value that are summarized in table 114. 
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TABLE 114 
AVERAGE EXTERNAL CONJUGATE DIAMETER OF THE PELVIS AT BIRTH 


AVERAGE 
AVERAGE CONJUGATE 
OBSERVER BODY-LENGTH DIAMETER 
(cm) (cm) 
ED gar ne sere Oe renee eee oee ae eae 5.5 
WClemn (males) shea as ae Mihai oe 6.0 
Kleims(eniales)s a2ce. eee a! 5.63 
Wonikow. (males). ai. ene oe 70 
HOnIKO Ws (LEMGICS) ote t ck. ie ee eee 6.33 
Watewossoff, (males) 200. 205.5 eek e ae 1.9 6.85 
Tatewossoff (females)................ i bes i 6.95 
Present series (calculated)............ 50.2 5.62 


54. Bi-Tuberous Distance of Pelvis 
(Field Graph 54, Table 115) 


This dimension represents the distance between the internal mar- 
gins of the ischial tuberosities. These points were determined by 
inserting fine steel stylets through the superficial tissues to the bony 
landmarks. There is considerable error in making these determina- 


TABLE 115 


Bi-TuBEROUS DISTANCE OF PELVIS 
.04C H(m.) + 0.0mM. (23) cAsES) 


Bi- tuberous Distance (mm) i Calculated Values at 5Scm. 
Nomber intervals of Crown Heel 
of 


Observed Calculated| (8) and (b) 

Min Mean) | Mean (b) mm. Percent _ 

T 2.5 1o |-09! -360 
: ae 

56 | 30 |-06] -167 

Al | 49 |408 | +195 


5.8 69 | 41.1 | +19.0 
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tions, both because of the difficulty in locating the exact landmarks, 
and because of the smallness of the dimension in the younger fetuses. 
The bi-tuberous distance is apparently increased 7.6 per cent by 
injection. Following injection there is a steady decrease of this 
dimension with preservation in formalin until the values at the end of 
six months’ average 2.3 per cent less than in fresh material. 

Table 115 summarizes our findings for this dimension. Our cal- 
culated values, as determined by empirical formulae, show average 
absolute deviations of 1.11 to 1.63 mm from the corresponding ob- 
served 5 cm interval averages from 5 to 55 cm of crown-heel length, 
inclusive. The root mean square deviations range from 1.3 to 2.0 
mm. The mean relative deviations are highly variable, ranging from 
about 10 per cent to over 13 per cent. 

We have found no published observations of this dimension in the 
fetus or newborn. Our calculated natal value (at 50.2 em crown-heel 
length) is 2.0 cm. 


III. Résumé and Discussion of Findings on the External 
Dimensions of the Pelvis 


The empirical formulae (as determined by graphic methods) for 
the external dimensions of the pelvis all show negative secondary 
or b constants with the exception of that for the bi-tuberous distance 
where the secondary constant is zero. The calculated values for these 
dimensions at each 5 cm interval of crown-heel length from 5 to 
50 cm, inclusive, are shown in table 116 and represented graphically 
in figure 50. 


TABLE 116 


CALCULATED VALUES OF THE EXTERNAL DIMENSIONS OF THE PELVIS AT 
Eacu Five-CEenTIMETER INTERVAL OF CRowN-HEEL LENGTH 


Iliac crest fo rump (pelvis height) |. 
Inlerspinous diameter 
Infercristal diameter 
Intertrochanteric diameter 
External conjugate diameter 
Bi-tuberous distance 


4 |14.3|23.1|52.0409149.8 56.0167.5170.4|65.3 
8 |10.5 |16.3 22.0(27.8|33.5|39.3'45.050.8)56.5 
4.0| 6.0} 6.0/10.0|12.0|14.0|16.0/18.0/20.0 


208 GROWTH IN THE FETAL PERIOD 


FIGURE 50 
THE GROWTH OF THE EXTERNAL DIMENSIONS OF THE PELVIS (AS DETER- 
MINED BY EmprricAL FoRMULAE) IN THE FETAL PERIOD WITH 
Respect To GrRowTH IN CRowN-HEEL LENGTH 


5 10 15 cO ( 50 > 40 45 50cm. 


Abscissa: Crown-heel length (em). Ordinates: External 
dimensions of the pelvis (mm). 
. Intertrochanteric diameter 4. Interspinous diameter 
. Intercristal diameter 5. External conjugate diameter 


3. Distance from iliac crest to rump (pelvis 6. Bi-tuberous distance 
height) 


wo re 


Table 117 and figure 51 show the calculated values of these dimen- 
sions at the close of each month of the fetal period from three to 
ten months, inclusive. The computed absolute and percentage incre- 
ments of these dimensions for each 5 cm interval of total body-length 
are given in connection with the detail tables for individual dimen- 
sions (tables 106, 107, 109, 111, 113, and 115). 


TABLE 117 


CALCULATED VALUES OF THE EXTERNAL DIMENSIONS OF THE PELVIS AT 
THE CLosE oF EHacH MonrtrH oF THE FETAL PERIOD 


formulae 


: : Calculated values (mm.)at: 
Dimension = 


4 mo.| mo. Omo.| Tmo.|8mo. 


15.6 
30.5] 39.8|48,3 | 56.1 | 63.4 | 10.3 
£2.8|34.5|45.0|54.5|63.2| T14 | 79.1 
3T.0|48.3 | 58.7 |68.3) TT.2 |65.6 
€4.T| 32.1|38.8|45.0] 50.8 /50.2 
9.1} 11.7} 14.0} 16.2) 16.2)20.1 


Iliac crest fo rump (pelvis height) 
Interspinous diameter 

Intercristal diameter 
Intertrochanteric diameter 
External conjugate diameter 
Bi-tuberous distance 


Tables 118 and 119 present the calculated monthly absolute and 
percentage increments in the pelvic dimensions. The absolute incre- 
ments in the fourth fetal month range from 3.4 mm for the bi-tuberous 
distance to 15.0 mm for the intertrochanteric diameter. In the 
seventh month this range falls between 2.3 mm for the bi-tuberous 
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FIGURE 51 


THe GROWTH OF THE EXTERNAL DIMENSIONS OF THE PrELvis (AS DETERMINED 
BY EmprricAL ForMULAE) wiTH Respect To AGE IN THE FeraL PEriop 


Ona OIne 


) 4 5 6 it “8 9 10 mo. 


Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Scammon and Calkins). Ordinates: External 
dimensions of the pelvis (mm). 


1. Intertrochanteric diameter 4. Interspinous diameter 
2. Intercristal diameter 5. External conjugate diameter 
3. Distance from iliac crest to rump (pelvis 6. Bi-tuberous distance 

height) 


distance and 10.4 mm for the intertrochanteric diameter. In the 
tenth month the increments range from 1.9 mm for the bi-tuberous 
distance to 8.4 mm for the intertrochanteric diameter. 


TABLE 118 


CALCULATED ABSOLUTE INCREMENTS OF THE EXTERNAL DIMENSIONS OF 
THE PEeLvis IN Hach MontuH oF THE FetTaL PERIOD 


Absolute increments (mm,) in the: 


Dimension 


.| Tth mo.|8th mo.|9th mo.|lOthmo. 


Iliac crest to rump (pelvis height) 
Interspinous diameter 
Inlercristal diameter 
Tntertrochanteric diameter 
External conjugate diameter 
Bi-tuberous distance 


The percentage increments of the pelvic dimensions are relatively 
large in the fourth month, ranging from 121.4 per cent for the bi- 
tuberous distance, to 187.1 per cent for the pelvic height. These 
increments decrease very rapidly and the relative gain of all the 
pelvic dimensions in the seventh month ranges from 20 to 22 per cent. 
By the tenth month the percentage increment has declined to 10.4 
per cent, in the case of the bi-tuberous distance, and to 11 per cent, 
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TABLE 119 


CALCULATED PERCENTAGE INCREMENTS OF THE H}XTERNAL DIMENSIONS OF 
THE Pretvis IN Hach MonrtuH oF THE FETAL PERIOD 


Se 


- Percentage increments in the: 


Dimension . 

Athmo.| 5th mo.| Oth mo.) Tthmo.| 8th mo.| 9th mo.|LOth mo. 
Iliac crest to rump (pelvis height) ofA cowme Sys. vege) | le sy "See, | U® 
Interspinous diameter [DOO NE DL Da 05 Cla Ose O9 
Intercristal diameter Ca LG oO G11) 10.0115: O110:6 
Intertrochanteric diameter 1646 | 53.5 | 30.0 )-21.5 | 10:2 | 13.0 | 10.9 
External conjugate diameter 1470:15506.1500") COST IGON 1G sFI10.6 
Bi-tuberous distance ICIZASVAG TA CB BOO Net alee iO 


in the case of the pelvic height. In the last month of the fetal period 
the pelvic diameters show a gain ranging from 10.6 to 10.9 per cent. 

The percentage of natal value attained by each dimension at each 
5 em interval of total or crown-heel body-length is shown in table 120. 
At 5 cm crown-heel length the greatest value is that of the bi-tuberous 
distance which is 10 per cent, and the least is that of the pelvic height 


TABLE 120 


Per Cent or Natau VALUE ATTAINED BY HAcH EXTERNAL DIMENSION OF THE 
Pevis av Eacu FIVE-CENTIMETER INTERVAL OF CROWN-HEEL LENGTH 


Percentage of natal value at crown-heel lengths of: 


TO cm] 15cm] 20cm|25 cm] 30cml35 cm!40 cml 45cm] 50cm. 


Dimension 


Iliac crest fo rump (pelvis height) 
Interspinous diameter 
Intercristal diameter 
Intertrochanteric diameter 
External conjugate diameter 
Bi-tuberous distance 


. CT.8| 58.1 |48.4 | 58.8} 69.0} T9.3 | 9.6 |1000 
6.3 | 10.8) CT.1 | 37.5 |AT.9 | 584) 68,7 | T9.1 | 89.6 [1000 
8.5} 16.0] 26.8| 38.9 | 49.2 | 59.3) 62.6] T9.6 | 899 1000 
10.0} 20.0} 30.0| 40.0} 50.0] ©Q0| TOO} 60.0] 90.0|1000 


which is 5.2 per cent. At 25 cm crown-heel length most of the pelvic 
dimensions have attained a little less than one-half of their natal size, 
although the bi-tuberous distance has acquired an even 50 per cent 
of its total prenatal growth. 

The percentages of natal values attained by the various dimensions 
at each fetal month are shown in table 121. At three months the 
pelvic height is 9.5 per cent of its birth value, and the bi-tuberous 
distance is 14.1 per cent. The various diameters of the pelvis have 
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TABLE 121 


Per Cent oF Natau VALUE ATTAINED BY Each EXTERNAL DIMENSION 
OF THE PELVIS AT THE CLOSE oF EacH Montu OF THE FETAL PERIOD ~ 


- ‘ Percentage of natal vatue at: 
Dimension ay am | 
Iliac crest to rump (pelvis height) 9.5 | 27.2 | 42.4 | 560) 682 | 725 | 90.1 |1000 
Inlerspinous diameter 12.5 | CBA | 43.4 | 56.6 | O8T | T9.8 | 902 |1000 
Intercristal diameter 114 | 268 | 43.6 | 569 | 68.9 | T9.9 | 90.3 | 1000 
Intertrochanteric diameter 10.6 | 28.2 | A322 | 504 | 686! T28 | 902 | 100.0 
External conjugate diameter LLT | 9.2 |44.0 | 509 | 69.0 | 801 | 904 |1000 
Bi-tuberous distance 14.1 | 31.0 | 454 | 5&2 | 096 | 60.5 | 90.5 | 1000 


attained from 10.6 to 12.5 per cent of their natal size at this time. 
At six months all of the dimensions have completed over half of their 
prenatal growth, the range being from 56.0 per cent for the pelvic 
height, to 58.2 per cent for the bi-tuberous distance. At nine months 
all of the pelvic dimensions are approximately nine-tenths of their 
size in the newborn, the range being from 90.1 per cent for the pelvic 
height to 90.5 per cent for the bi-tuberous distance. 

Tables 122 and 123 show the relative size of the pelvic dimensions 
at various intervals of crown-heel length and of fetal age. At 5 cm 


TABLE 122 
RELATIVE. SIZE OF THE EXTERNAL DIMENSIONS OF THE PELVIS (COMPUTED 
AS PER CENTS OF THE CROWN-HEEL LENGTH) AT EAcH FIVE- 
CENTIMETER INTERVAL OF CROWN-HEEL LENGTH 


Per cent. of fotal (Crown-heel) length at: 


Dimension 


Iliac crest to rump (pelvis heighr) 
Inlerspinous diameter 
Inlercristal diameter 
Infertrochanteric diameter 
External canjugate diameter 
Bi-tuberous dislance 


crown-heel length the computed pelvic diameters are equivalent to 
approximately one-tenth of the body-length, varying from 9.6 per 
cent for the external conjugate diameter to 11.2 per cent for the inter- 
cristal diameter. At this stage the pelvic height is equal to 7.6 per 
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cent and the bi-tuberous distance to 4 per cent of the crown-heel 
length. At 25 cm crown-heel length the various computed pelvic 
diameters are equal to 11.1 to 16.4 per cent of the standing-height, 
the external conjugate diameter having the least, and the inter- 


TABLE 123 
RELATIVE S1zE OF THE EXTERNAL DIMENSIONS OF THE PELVIS (COMPUTED 
AS Prr CENTS OF THE CROWN-HEEL LENGTH) AT THE CLOSE 
oF Eacu Month OF THE FETAL PERIOD 


= 
Per cent. of total (crown-heel) lensth at: 
4mo. 


Dimension 


5 mo. .| (mo.|Bmo.| 9mo. 


Iliac crest to rump (pelvis height) 
Inlerspinous diameter 

Intercristal diameter : 
Intertrochanteric diameter 165931 15:5:| 10.6.1 16:5 
External conjugate diameter 9.3 | 10.6 | 10.8 | 11.0 
Bi-tuberous dislance 4.0| 4.0) 4.0| 4.0 


WRONG YE) 
i | 402 
4.0 


trochanteric diameter, the greatest, relative size. At this stage the 
pelvic height is equivalent to 13.9 per cent and the bi-tuberous dis- 
tance to 4 per cent of the crown-heel length. At 50 cm the external 
conjugate diameter of the pelvis is equivalent to 11.3 per cent of the 
total body-length and the intertrochanteric diameter to 17.1 per cent, 


FIGURE 52 


THE CHANGES IN THE RELATIVE SIZE OF THE EXTERNAL DIMENSIONS 
OF THE PELVIS IN THE FETAL PERIOD 


£O 
vi 


Ke) 


os 4 ‘S) 6 Ze fe) 3) 10mo. 
Abscissa: Age in fetal or lunar months (as determined by the empirical for- 
mula of Scammon and Calkins). Ordinates: Relative values of the external 
dimensions of the pelvis expressed as per cents of the crown-heel length. 
1. Intertrochanteric diameter 4. Interspinous diameter 
2. Intercristal diameter 5. External conjugate diameter 


3. Distance from iliac crest to rump (pelvis 6. Bi-tuberous distance 
height) 
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while the interspinous and intercristal are intermediate to these two. 
At this stage the pelvic height approximates 14.6 per cent of the body- 
length, and the bi-tuberous distance remains at 4 per cent. 

At three fetal months the computed transverse diameters of the 
pelvis are equivalent to between 12 and 13 per cent of the body-length 
and these values rise to 14 and 17.1 per cent at birth. The computed 
external conjugate diameter rises from 9.3 to 11.2 per cent in this 
period, and the pelvic height from 9.9 to 14.7 per cent. The com- 
puted relative value for the bi-tuberous distance remains constant 
at 4 per cent throughout the fetal period. 

A comparison of the breadths of the shoulders and the pelvis may 
be made by computing the acromio-cristal index by dividing the com- 
puted intercristal diameter of the pelvis by the computed bi-acromial 
diameter and multiplying the result by 100. The figures thus obtained 
are 49.6 at 5 cm crown-heel length, 67.7 at 25 cm, and 70.0 at 50 cm; 
and 56.6 at three fetal months, 68.5 at six months, and 70.0 at ten 
months or birth. Another index may be computed by dividing the 
intertrochanteric diameter by the bi-acromial and multiplying by 
100. This index is 47.8 at 5 em crown-heel length, 72.6 at 25 em, and 
75.8 at 50 cm; and 57.2 at three fetal months, 73.5 at six months, 
and 75.8 at ten months or birth. Thus the breadth of the pelvic 
girdle, as indicated by these measures, is increasing much more 
rapidly than that of the shoulder girdle. Schultz has made a com- 
parison of the bi-acromial width with ‘‘width between the hips” and 
he also found this relatively greater increase in the pelvic width; 
however, his figures for the index are much higher than ours, being 
58 per cent in white fetuses of nine weeks and 84 per cent at birth. 

We have made a series of inter-pelvic indices by determining the 
percentages that certain of the larger dimensions form of the inter- 
cristal diameter. According to these computations the interspinous 
diameter forms 85.7 per cent of the intercristal diameter at 5 cm 
crown-heel length, 88.7 at 25 cm, and 88.8 at 50 cm; and 86.7 per 
cent at three fetal months, 88.4 at six months, and 88.9 at ten months 
or birth. The intertrochanteric diameter forms 96.4 per cent of the 
intercristal diameter at 5 cm crown-heel length, 107.3 at 25 cm, and 
108.2 at 50 cm; and 101.1 per cent at three fetal months, 107.3 at 
six months, and 108.2 at ten months or birth. Thus the interspinous 
diameter of the pelvis is growing slightly more rapidly, and the inter- 
trochanteric diameter much more rapidly, than the intercristal 
diameter. 
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At 5 cm crown-heel length the pelvic height forms 67.9 per cent 
of the intercristal diameter, at 25 cm 91.3 per cent, and at 50 cm 
93.3 per cent. At three fetal months the percentage is 77.8, at six 
months, 91.8, and at ten months, 93.3. These figures indicate that 
the pelvis is growing distinctly more rapidly in height than in breadth 
in the fetal period. 

The external conjugate diameter forms 87.5 per cent of the inter- 
cristal diameter at 5 em crown-heel length, 73.0 at 25 em, and 71.7 
at 50 cm; and 78.9 at three fetal months, 72.4 at six months, and 
71.7 at ten months or birth. These percentages indicate that in the 
fetal period the antero-posterior diameter of the pelvis is growing 
more slowly than the breadth. 
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SUMMARY OF FINDINGS ON THE EXTERNAL 
DIMENSIONS OF THE UPPER EXTREMITY 


I. Introductory Note 


The growth of the upper extremity was studied on the basis of 
measurements of 8 dimensions. Five of these dimensions were linear 
measurements: length of the upper extremity as a whole, length of 
the arm, length of the forearm, length of the hand, and length of the 
median finger. The length of the entire extremity was obtained by 
adding the lengths of the arm, forearm, and hand. The remaining 
three measurements were circumferences of the limbs at the level 
of the maximum girth of the arm, the level of the maximum girth 
of the forearm, and at the level of the wrist just proximal to the 
thenar and hypothenar eminences. All of the measurements were 
made of the right limbs only. Other dimensions that involve a 
portion of the upper extremity are considered with the trunk in 
Part V of this monograph. These are the bi-acromial distance, 
the bi-deltoid circumference, and the bi-deltoid diameter. 


II. Consideration of Individual Dimensions* 


55. Upper Extremity Length 
(Figure 53, Field Graph 55, Tables 124, 125, 177, and 180) 


The length of the upper extremity is commonly defined as the 
distance in a straight line from the lateral tip of the acromial process 
to the end of the middle finger. Since the specimens in our series 
were usually flexed, the measurement of the superior extremity herein 
recorded consists of the sum of the distances from the acromial process 
to the angle of the elbow, from the angle of the elbow to the base 
of the palm of the hand, and from the base of the palm of the hand 
to the tip of the middle finger. 

Our experimental study shows no evidence of any change of the 
length of the upper extremity as a result of injection. Subsequent 
preservation in formalin causes a slight decrease, amounting to 0.3 
per cent at six months. 

* The plan used in preparing the following summaries is described in Part [, 
Section IV (p. 54) of this monograph. 
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TABLE 124 


UPPER EXTREMITY LENGTH (AcRoMION To Tip or MIDDLE FINGER) 
ACH.LENGTH-4.0mm. (SI4 cases) 


Upper Exlremily Length 


Observed 


(b) 


Difference 
between 


Calculated Values at Scm 
Intervals of Crown Hee! Length 


(8) ond (b) 


Calculated 


mm Per cenl. 


CH 
Length 
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TABLE 125 


AVERAGE LENGTH OF THE Upper EXTREMITY AT BIRTH 


AVERAGE 
AVERAGE 
LENGTH OF 
BODY-LENGTH 
OBSERVER UPPER EXTREMITY 
(cm) 

(cm) 
IVDeClis (NAICS Weert: og Sie eee Secu DomU 21.0 
Meehr Gemiales) zo 8a. sen ane 50.0 20.0 
Orenansiky (males). .... 2. 88....80-6 49.52 20.3 
Orehansky (females). ..<500) oes hs 48.3 19.75 
Quetelet (males)ie | Se ee) ok 50.0 20.6 
@ueteleti(emmales)in. 22805 cd. oh... 49.4 20.4 
Reicher (males)....... Dee ers 72.5 kee 49.2 21.69 
Reicheri@emales) see oe enn eee os 50.0 21.39 
Schad Ottawa tt Senta ned SET 48.6 23.4 
‘Baylormales\iets =u eer aa, S122, 20.3 
Pavioratemales) ass wee ee 5 eee 50.0 107 
Weissenberg (males)................. 50.8 21.4 
Weissenberg (females)................ 50.0 21.0 
VEIN date Ets ee Ee ee ee Ree 20.1 
Present series (calculated)............ 50.2 19.7 
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Table 124 summarizes our findings and computations for this 
dimension. Our calculated values for the 5 em intervals of crown- 
heel length, from 5 to 55 em, inclusive, show average absolute devia- 
tions of less than 1.2 mm from the corresponding observed values. 
The corresponding average percentage deviations range between 1.1 
and 1.5 per cent. 

FIGURE 53 


THE GROWTH OF THE LENGTH OF THE Uprrr EXTREMITY IN THE FETAL 
PrRIOD AS DETERMINED BY VARIOUS OBSERVERS 


Calculated 
a Lalaile 
=== Triedenthal 
== Ifstolol fin 
——-~ Burtscher 
— — Michaelis 


0) 50 100 150 200 £50 300 350 400 450 500 550mm. 


Abscissa: Crown-heel length (mm). Ordinate: Length 
of upper extremity (mm). 


The growth in length of the upper extremity in the fetal period 
has been previously studied by Lafaille, Friedenthal, Fridolin, 
Burtscher, Michaelis, Retzius, Corrado, Reicher, Schultz, and others. 
Some of these observations are given in tables 177 and 180 and in 
figure 53. Most of these observations, with the exception of those 
of Lafaille, which are extremely irregular, show the same central 
tendency as do our findings. Our calculated values are slightly lower 


218 GROWTH IN THE FETAL PERIOD 


than most of them, although they approximate those of Retzius and 
of Corrado. 

There are a considerable number of observations upon the length 
of the upper extremity in the newborn. The more important of these, 
together with our calculated natal value, are given in table 125. 


56. Length of Arm (Acromion to Elbow) 
(Figure 54, Field Graph 57, Tables 126, 127, and 178) 


The length of the arm was determined as a straight line from the 
tip of the acromial process to the middle of the cubital fossa. This 
point is generally marked by a fold a little above the level of the 
joint. No determination was made of the injection or fixation error 
in this dimension. This error is no doubt negligible, for the upper 
extremity as a whole shows no change on injection, and only 0.3 
per cent change after six months’ subsequent preservation in formalin. 


TABLE 126 


LeNcTH or ARM (AcRomon To ELBow) 
155CH (m.)- 0.5mm. (SOT CASES) 


Diterence 
Lengih ot Arm 6pm) | “yeween._ (Number inervals ct Crown Heal Len 
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Table 126 summarizes our findings regarding the length of the 
arm. The relation between our calculated and observed values is 
again a very close one. The average absolute deviations of the cal- 
culated from the observed means of this dimension for the 5 ecm 
intervals of crown-heel length, from 5 to 55 em, inclusive, are all 
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less than 0.75 mm. The corresponding relative deviations are all 
less than 2.2 per cent. 
FIGURE 54 
THE GROWTH OF THE LENGTH OF THE ARM IN THE FETAL PERIOD 
AS DETERMINED BY VARIOUS OBSERVERS 
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TABLE 127 
AVERAGE LENGTH OF THE ARM AT BirTH 
AVERAGE AVERAGE 
OBSERVER BODY-LENGTH LENGTH OF ARM 
(em) (cm) 
WANG R7aK (TORIES Aan piatuoe eons en, eal, 50.0 9.0 
Weiharzike (Gemlales)) eas. nce seer oe 49.0 8.8 
IWPechm(amales i tne ea levak +o octet a ene 55.0 9.5 
WMeohritemales) #i iu. io evr od Hoge reeks 50.0 8.0 
OMmerelets (Males). Aer. d mh os sc ake ee 50.0 8.8 
Crevelets (females) eres 2 uae aun ue 49.4 8.7 
SE NG EN RNS Sonal es ae 46.8 10.4 
CASI gaa Bh SRO IE hin Pek Le 6.6 
Present series (calculated)............ 50.2 Tad 


The growth of the arm has been previously studied by Lafaille, 
Friedenthal, Fridolin, Burtscher, and Retzius. Our findings are in 
very close agreement with those reported by these authors, although 
they are slightly lower than most of their values, and there is great 
irregularity in the averages of Friedenthal and of Lafaille. These points 
are brought out in table 178 and figure 54. 
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There are several sets of observations upon the length of the arm 
in the newborn. These show great variability, probably because of 
differences in end-points used in determining this dimension. The 
chief published averages, together with our calculated natal value, 
are shown in table 127. 

57. Length of Forearm 


(Figure 55, Field Graph 58, Tables 128, 129, and 178) 


The length of the forearm was measured in a straight line from the 
middle of the cubital fossa to a line drawn at the base of the thenar 
and hypothenar eminences. We have no data regarding injection 
fixation upon this dimension, but both the character of our findings 


TABLE 128 


LENGTH OF FOREARM 
13 CH (mm)-1.5m. (5305 cases) 


Crown Hee} 
Length 
(mm.) 


Range ; Mean 


Difference 
between 


Length Observed : ‘Calculated (a)and (b) of CH Value | Per cent. 
(mm) | Max | Min. “Mean(a)} Mean (b) | pm. Percent! oe , (mm) lincrerent 
= == —— St : 
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=+ 
25-50 {-410) 340°] 43) 45° 43-1. 36 5,-1.6] 3 
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Calculated Values at 5cm 


Length of Forearm (mm.) 


100-150 
150-200 | 
200-250 | 224.5 
RT1A 


1RA8 


1TZ.5 


and the results obtained from measuring the superior extremity as 
a whole indicate that these artifacts are negligible. 

The results obtained from the study of the growth of the forearm 
are summarized in table 128. The correspondence between the eal- 
culated and observed values for the 5 em intervals of crown-heel 
length, from 5 to 55 cm, inclusive, is again very close. The average 
absolute deviations are all less than 0.7 mm and the corresponding 
relative deviations are of the order of 2 per cent. 

The growth of this dimension in the fetal period has been previously 
studied by Lafaille, Fridolin, Friedenthal, Burtscher, Retzius, 
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Reicher, Schultz, and others. The results are shown in tabular form 
in table 178, and graphically in figure 55. Our findings are in fair 
agreement with those of Retzius, Fridolin, and Biirtscher, but our 
values are somewhat lower than those of Friedenthal and of Lafaille. 


FIGURE 55 


THE GROWTH OF THE LENGTH OF THE FOREARM IN THE FETAL PERIOD 
AS DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: 
Length of forearm (mm). 


The published values for the length of the forearm in the newborn 


show great individual variation 
the technique of measurement. 
marized in table 129. 


that is probably dependent upon 
The chief natal averages are sum- 


TABLE 129 
AVERAGE LENGTH OF FOREARM AT BIRTH 
AVERAGE 
AVERAGE LENGTH OF 
OBSERVER BODY-LENGTH Onin 
(cm) (cm) 
Notlearz1ies (NSIC) Paes ee se Oe oe ee: 50.0 “0 
Tahar vlks(temoales = anne ates Gee 49.0 6.86 
IMieohe (I alOS eetterntea wie aa oceaes 2s 55.0 ay 
Byice ele ales) se. -amrteg tn. Ges He wo 50.0 5.5 
@rcteleu Males re Un eens va 50.0 Ded. 
Muetelct(emMales)nc. . 0 ote es Cues mae 49.6 ae 
| FS NCLNEND <5 gan ae RM eh ne te panes 6.85 
NELLIE 6 (CR ea crea I 2 46.8 7.8 
TASC! RL A CCE Oe ge aI cae MEO, 
Present series (calculated)............ 50.2 6.74 
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58. Length of Hand 
(Figure 56, Field Graph 59, Tables 130, 131, and 178) 


This measurement was taken from a line connecting the proximal 
limits of the thenar and hypothenar eminences to the tip of the middle 
finger in extension. We have no correction data for the effects of 
injection and fixation upon this dimension, and, in the light of the 
statements made in connection with the other segments of the other 
series of the upper extremity, such a correction seems unnecessary. 


TABLE 130 


LENGTH OF HAND 
12 CH (Mm.) - 3.0MmM.(304 cases) 


Length of Hand (mm) Difference Calculated Values al 5cm 
: between /Number|Intervals of Crown Heel Length 
Observed Cakulaied| (2) and(b) | of 


CH T Value | Per cent 
| Mox "Min |Mean(a), Mean(b) Percent) ““°¢° Tae Gum) 


Table 130 summarizes our observations on the length of the hand. 
Our calculated values for the 5 cm intervals of crown-heel length, 
from 5 to 55 em, inclusive, show average absolute deviations of the 
order of 0.5 to 0.6 mm, and average relative deviations of the order of 
2 to 3 per cent, from the corresponding observed means. The growth 
of the length of the hand in the fetal period has been previously 
studied by Burtscher, Friedenthal, Lafaille, Corrado, Fridolin, Ret- 
zius, and Lodoli. Their findings are given in table 178 and are repre- 
sented in figure 56. Our calculated values are somewhat below those 
of most observers, probably because we used the base of the hand 
rather than the skeletal elevations of the wrist as the proximal 
landmarks in making this measurement. 
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FIGURE 56 


THE GrRowTH or THE LENGTH OF THE HAND IN THE Ferau PERIOD 
AS DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: 
Length of the hand (mm), 


There are a number of observations on the length of the hand in 
the newborn. The chief of these, together with our calculated natal 
value as computed with use of the empirical formula with graphically 
determined constants, are given in table 131. 


TABLE 131 


AVERAGE LENGTH OF THE HAND AT BirTH 


AVERAGE 
AVERAGE 
OBSERVER BODY-LENGTH cbaihetes 
OF HAND 
(cm) (an 
Datiner (Males )qeep ot aps coer ass es ee 6.36 
Wafiner, (females)is jane aces. st 3a nee 6.06 
MBIA TZ a (Meter neces eh ee ea, nach AOA 6.00 
Ii layea lS (Wieland Gh pe see) ee ae eae 49.0 5.88 
Neer inales ic ccamiecteecn succes 6 pile rorens 55.0 6.5 
ivieen Cemales\ii A... oie ee ys 50.0 6.5 
Wuetelet: (pales) is yee sects nse 50.0 (oil 
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59. Length of Middle Finger 
(Field Graph 60, Tables 132 and 178) 


This measurement was made from the proximal to the distal end 
of the extended middle finger. We have no correction data for the 
injection and preservation artifacts of this dimension. 


TABLE 132 


LENGTH Of MIDDLE fiNGER 
.OT5 CH(m™.)-3.0m™. (C92 CASES) 


Calculated Values at 5cm. 
Intervals of Crown Heel Length 
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Table 132 summarizes our findings regarding the growth in length 
of the middle finger. The absolute deviations of the calculated values 
from the observed means for the 5 cm intervals of crown-heel length, 
from 5 to 55 cm, inclusive, are of the order of 0.4 mm in most in- 
stances. The corresponding relative deviations range from about 3.5 
to over 4.5 per cent. 

The only published observations on the growth of this dimension 
in the fetal period seemed to be those of Lafaille. While his 5 cm 
interval averages give rather irregular values, the general course of 
growth as determined from his data is quite similar to that indicated 
by our calculated curve. We have found no published observations 
on the length of the middle finger in the newborn. The calculated 
natal value (at 50.2 cm crown-heel length) is 3.47 em when computed 
by the empirical formula with constants graphically determined. 
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60. Circumference of Arm 
(Field Graph 61, Table 133) 


This circumference was taken at the level of the greatest thickness 
of the arm below the insertion of the deltoid muscle. The measure- 
ment was made with a linen thread by the method described in the 
section on technique. The circumference of the arm is increased 
7.2 per cent by injection, and subsequent immersion in formalin 
raises this to 10.5 per cent at three months. Later there is a slow 
decrease, the correction figure at six months being —8.2 per cent. 


TABLE 133 


CIRCUMFERENCE OF ARM 
-195CH (mr1.) - 8.0mm. (294 cases) 


Circumferenc m. Difference Calculated Values at 5cm 
as between Number} Intervals of Crown Heel Lenatt) 


(@)and(b) | of 
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Our findings in respect to this dimension are summarized in table 
133. The calculated values, as determined by our empirical formulae, 
show mean absolute deviations of 1.8 to 2.3 mm, and relative devia- 
tions of 2.8 to 3.7 per cent, from the corresponding observed averages 
for the 5 em intervals of crown-heel length, from 5 to 55 em, inclusive. 
The largest deviations are in the 5 to 10 cm interval of crown-heel 
length and in the intervals above 45 cm. The deviations in the 5 to 
10 em interval probably represent a true lack of fit of this part of the 
curve, due to the fact that this part of the body has not yet assumed 
the rectilinear type of growth with respect to the crown-heel length, 
which is characteristic of the fetal period. The discrepancies in the 
upper two 5 cm intervals seem to be caused by injection. 
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We found no published observations on this dimension in the fetus. 
Quetelet. obtained a value of 9.1 cm for the living, newborn males 
(at 50.0 em crown-heel length) and 9.0 cm for living, newborn females 
(at 49.4 em crown-heel length). Our calculated natal value (at 50.2 
em crown-heel length) is 8.9 em. 


61. Circumference of Forearm 
(Field Graph 62, Table 134) 


This dimension represents the maximum circumference of the fore- 
arm. We have no correction data for the effect of formalin artifacts 
upon it, but our observed averages, as well as the characteristic 
changes in the circumference of the arm, indicate.that it is little 
affected by artifacts except in our largest specimens. 


TABLE 134 


CIRCUMFERENCE Of FOREARM 
195 CH @1™,) -7.5mm (290 cases) 


Circumference (mm.) Difference Nimbe Calculated Values af 5am. 
mer Intervals of CrownHeel Length 


between 
Observed (b) (a)and (b) Value | Percent. 


Min. ‘Mean (a) | Calculated . 'Percent} eD (mm) _‘|!pcrement 
f T + 


f } 
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Table 134 summarizes our findings and computations for this 
dimension. Considering that this is the circumference of a soft part, 
the deviations of our calculated from the observed values are not 
great. The average absolute deviations of the calculated from the 
observed means of forearm circumference for 5 em intervals of crown- 
heel length, from 5 to 55 cm, inclusive, range from about 1.7 to about 
2.0mm. The corresponding relative deviations range from about 2 
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to about 3.6 per cent. The largest deviations are in the 45 to 55 em 
intervals. They are negative and are probably due to formalin 
artifacts. 

We have found no published observations upon this dimension 
in the fetus. Quetelet found the forearm circumference to be 7.5 cm 
in newborn males (at 50.0 cm crown-heel length) and 7.4 em in the 
newborn females (at 49.6 cm crown-heel length). Our calculated natal 
value, computed from the empirical formula with constants graphi- 
cally determined (at 50.2 crown-heel length), is 9.0 em. 


62. Circumference of Wrist 
(Field Graph 63, Table 135) 
This dimension represents the perimeter of the distal end of the 


forearm. We have no data on the effects of formalin artifacts on this 
circumference, but it is probable that they are relatively small. 


TABLE 135 


CIRCUMFERENCE OF WRIST 
.165CH (MM) -10.0m™. (275 CASES) 


Difference Cakulated Values at Scm. 
between Infervals of Crown Heel Length 


ig) Value | 
(mm.) 
=} 


} 
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19.0 


50 650% 
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Table 135 gives the summary of our findings for this dimension. 
Our calculated values show an average absolute deviation from the 
corresponding observed means for the 5 cm intervals of crown-heel 
length from 5 to 55 cm, inclusive, ranging from 1.1 to 2.2mm. Most 
of the corresponding percentage deviations are of the order of 5.0 
per cent although they range from 3.6 to 5.7 per cent. 
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We have found no published observations on the circumference 
of the wrist in the fetal period or at birth. The calculated natal value, 
computed with the empirical formulae having graphically determined 
constants (at 50.2 em crown-heel length), is 7.3 cm. 


III. Résumé and Discussion of Findings on the External 
Dimensions of the Upper Extremity 


The empirical formulae for the external linear dimensions of, the 
upper extremity (as determined by graphic methods) all show, nega- 
tive secondary or b constants. These constants tend to increase in 
absolute size proximo-distally, that for the forearm being larger than 
that for the arm, and those for the length of the hand and the length 


TABLE 136 


CALCULATED VALUES OF THE EXTERNAL DIMENSIONS OF THE UPPER EXTREMITY 
AT Eacu Frve-CENTIMETER INTERVAL OF CROWN-HEEL LENGTH 


ene formulae Calculated Values (mm,)al crown-heel lengths of: 

|| b Semen Bem emo JOen Fede. 50em 

Length of upper extremity 4-40 160 36,0.560 16.0 96.0 116015601586 11601960 
Arm length (acromion to elbow) |.155'- 05) 7.3 15.0!22.8!30.5 | 38.3) 46.0; 53.6: 61.5) 69.3) T7.0 
Forearm length 13 (= 1.5} 5.0) 11.5)18.0/24.5|31.0] 37.5| 44.0) 50.5) 57.0! 63.5 
Hand length 12-30) 3.0! 9.0'15.0!21.0/2T.0| 33.0! 39.0) 45.0) 51.0) 57.0 
Middle finger length .O15|- 30) 0.8) 4.5; 8.3/12.0) 15.8) 19.5) 23.3} 27.0) 50.8) 34.5 
Arm circumference L9Z|- 7.0! €.6) 12.2) 21.6) 314 141.0) 50.6) 60.2| 69.8) 19.4; 69.0 
forearm circumference 195!- 7.5] 2.3) 12.0)21.8)31.5:443) 51.0! 606) 70.5) 80.3) 90.0 
Wrist circumference 165-100] —) 6.5 148 250)31.3} 395/476) 56.0, 04.3) 72.5 


of the finger being larger than that for the forearm. Similarly the 
secondary or 6 constant for the forearm circumference is larger in 
absolute value than that for the arm circumference, and the constant 
for the wrist circumference is larger than that for the forearm cir- 
cumference. 

The calculated values for these dimensions at each 5 ecm interval 
of crown-heel length from 5 to 55 em, inclusive, are given in the tables 
for individual measurements (tables 124, 126, 128, 130, 1382, 133, 134, 
and 135). These tables include the absolute and percentage incre- 
ments for each 5 cm interval of crown-heel length. 

Table 136 also summarizes the calculated values for these dimen- 
sions with respect to crown-heel body-length (from 5 to 50 cm, in- 
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clusive), and table 137 gives the computed values at the close of each 
month of the fetal period from three to tenmonths, inclusive. Figures 
57 and 58 are graphic representations of the values shown in tables 
136 and 137, respectively. 

TABLE 137 


CALCULATED VALUES OF THE EXTERNAL DIMENSIONS OF THE UPPER EXTREMITY 
AT THE CLOSE OF Eacu Monru oF THE FETAL PERIOD 


Calculated values (mm.) at: 


se 


Dimension 


9 mo.|1Omo. 


A | 4.0) 74.3) 58.2) 67.2 |112.6)136.2 | 157.7|177.9 1196.8 
~ 155 |- 0.5) 10.5 | 23.6 | 34.8 | 44.8} 53.8) 62.2| 70.0) T7.3 
13 |- 1.5) 7.7) 18.7 28.1 | 50.5) 44.1] 51.1} 57.6] 63.8 
-1@ |- 20} 5.5} 15.6] 74.3} 32.0) 39.1) 45.5) 51.6) 57.2 
015 |- 35,0) 2.3) 8.7) 14.1) 18.9] 23.3) 27.5) 31.1) 34.7 
192 |- 7.0} 6.0) 22.8) 36.8) 49.1} 60.3} 70.6) 80.3) 89.4 
See) 494} 60.8) 71.3} 81.2) 904 
-105 38.2| 47.8} 56.7| 05.0) 76.8 


3mo.|4mo.| 5 mo.| Oma.| Tmo.|8 mo. 


Length of upper extremity 

Arm length (acromion to elbow) 
Forearm length 

Hand length 

Middle finger length 

Arm circumference 

forearm circumference 

Wrist circumference 


FIGURE 57 


THe GROWTH OF THE EXTERNAL DIMENSIONS OF THE Upper EXTREMITY 
(as DETERMINED BY EmpiricaL FORMULAE) IN THE FETAL PERIOD WITH 
RESPECT TO THE GROWTH IN CROWN-HEEL LENGTH 


COO Te saul: ra ne Se ee el 


150 


100 


50 


———==- | 
6) 10 15 £0 s) 30 oy, AO A5 50cm. 


Abscissa: Crown-heel length (em). Ordinates: Dimensions 
of the upper extremity. 


1. Length of upper extremity 5. Circumference of wrist 
2. Circumference of forearm 6. Length of forearm 

3. Circumference of arm 7. Length of hand 

4. Length of arm 8. Length of middle finger 
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The computed absolute and percentage increments of each of these 
dimensions in each month are included in tables 138 and 139. In 
the fourth month the absolute increments range from 6.3 mm for the 
length of the little finger, to 33.8 mm for the length of the upper 
extremity as a whole. These increments decline rather slowly, 


FIGURE 58 
THE GROWTH OF THE EXTERNAL DIMENSIONS OF THE UPPER EXTREMITY 
(AS DmTERMINED BY EMPrricAL FORMULAE) WITH RESPECT 
To AGE IN THE FETAL PERIOD 


4 5 6 if 8 9 10mo 


Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Seammon and Calkins). Ordinates: External 
dimensions of the upper extremity (mm). 


1. Length of upper extremity 5. Circumference of wrist 
2. Circumference of forearm 6. Length of forearm 

3. Circumference of arm 7. Length of hand 

4. Length of arm 8. Length of middle finger 


the range in the seventh month being from 4.4 mm for the length of 
the middle finger, to 23.4 mm for the length of the upper extremity 
as a whole. In the last month of prenatal life the absolute incre- 
ments range from 3.5 mm to 18.9 mm for the above dimensions. 

The percentage increments in the fourth month are relatively 
enormous, their range for the linear dimensions being from 124.8 
per cent for the arm length, to 273.9 per cent for the length of the 
middle finger. The range of the percentage increments of the cir- 
cumferences is from 245.5 per cent for the arm to 823.5 per cent for 
the wrist. By the seventh month these increments have undergone a 
marked decline, the range for the entire group of dimensions being 
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from 20.3 for the arm length to 25.4 for the wrist circumference. In 
the tenth month the increments are approximately half those of the 
seventh, the range being from 10.4 for the arm length to 12.0 for the 
wrist circumference. 

TABLE 138 


CALCULATED ABSOLUTE INCREMENTS OF THE EXTERNAL DIMENSIONS OF THE 
Upper Extremity In Eacu Monts or Tue Fetrat Prertop 


Absolute increments (mm.,) in the: 


Dimension 


Oth mo. 8th mo.|9th mo. |lOthmo. 

Length of upper extremity 

Arm length @cromion to elbow) , : (eo) 
Forearm length {1.0 660! 6.1 
Hand length 10.1 OOo Ort 
Middle finger length Ka a 
Arm circumference OG Ot 
forearm circumference 9.2 
Wrist circumference é 


The per cent of the natal value attained by each dimension at each 
5 cm interval of crown-heel length is shown in table 140. At a crown- 
heel length of 10 em the computed arm length is 19.5 per cent of its 
newborn size, while the computed wrist circumference is but 9 per cent 


TABLE 139 


CALCULATED PERCENTAGE INCREMENTS OF THE EXTERNAL DIMENSIONS 
OF THE Upper ExtTREMITY IN HacuH MontuH oF THE FETAL PERIOD 


D; Percentage increments in the: 
aes Athmo 5thmo.| Othmo.! Tth mo.| 8th mo.| 9thmo.|/lLOthmo. 
Length of upper extremity IZOMsAGO EIA CONT | 15:0" 16.6 10.0 
Arm length (acromion to elbow) 124.6) 47.5 | 264 | 20.3 | 154 | 12.5 | 104 
Forearm length 1469 50 34129.5" e060) [5.93 129.) 10.6 
Hand length IG26" D>. Osmo Lia) CL.CelOCnelo4 | TO 
Middle finger length THO POLE CSL a eee WL GEL) SiO el 45 
Arm circumference TAD SC OLO NSS AGEL Oaetedtel (15, de lek Ld 
Forearm circumference COUD NOLO" Oa aco. lads elo LSD 
Wrist circumference O02) | 10,7) 20.4) Co 18.6 | 14.6 | 12.0 


of its natal value. At 25 cm crown-heel length the values range from 
49.7 per cent for the length of the arm to 43.2 per cent for the wrist 
circumference. At 45 cm the percentage of natal values attained by 
the various dimensions range from 88.7 to 90.0. 
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The calculated percentages of natal values attained by the various 
dimensions at the close of each month of the fetal period are shown 
in table 141. At three months the length of the entire upper extremity 


TABLE 140 


Per Cent oF NatTat VALUE ATTAINED BY EaAcH EXTERNAL DIMENSION 
OF THE UprreR EXTREMITY AT Hacw FIVE-CENTIMETER 
INTERVAL OF CROWN-HEEL LENGTH 


ree Percentage of natal value at crown-heel lengths of: 


Sem. 1Ocml15em]20cm|25cml30cm!35cm|40cm/45em/50cm. 
Length of Upper extremity 8.2 | 184 |26.6|38.8'49.0|59.2 1694 | 79.6| 89.8 100.0 
Arm length (acromion fo elbow) 9.5 | 19.5 |29.0|39.6|49.T |59.7| 69.9 | 79.9] 90.0|100.0 
forearm length T9 | 18.1 |28.3 | 36,6|48.8 | 59.1 169.3 | 79.5| 69.8 /100.0 
land length 5.3 |15.6 | 20,3) 36.8474 |57.9| 684 | 78.9) 89.5 |100.0 
Middle finger length 0.3 |13.0| 74.1 |34.8/45.6 |56.5| 67.5 | 78.3 | 89.2 1100.0 
Arm circumference C9 | 13.7 | 24.5|35.3|46,1 |56.9| 67.6 | T84 | 89.2 100.0 
forearm circumference 2.0 | 13.3 | 4.2 | 55.0|45.9 |56.T| 67.6 | 76.3 | 89.2 |100.0 
Wrist circumference — | 9.0|20A)|31.T)43,2 |54.5| 5.9 | T7.2 | 68.7 1100.0 


is 12.3 per cent of the birth value, and the corresponding values for 
its various segments range from 9.6 per cent for the middle finger 
length to 13.6 per cent for the forearm length. At six months all 


TABLE 141 


Per Cent or NATAL VALUE ATTAINED BY EHacH EXTERNAL DIMENSION OF THE 
Upper EXTREMITY AT THE CLOSE OF Hacu Monte oF THE FETAL PERIOD 


: ’ Percentage of natal value at: 
Dimension ; 
3mo.|4mo.| 5mo.| Omo.| Tmo.) 8 mo.| Imo. |LOmo. 
—— aA —— 
Length of upper extremity 12.3 | 29.0 | 44.3 | 57.3) 69.2 | 60.1 | 90.4 | 100.0 
Arm length @cromion to elbow) [1.2 | 26.0 | 43.5 | 50.8 | 68.6 | 19.8 | 90.2 | 100.0 
Forearm lensth 13.6 | 30.5 | 45.0 | 58.0 | 69.6 | 80.5 | 90.6 | 100.0 
Hand length {2.1 | 29.3 | 44.0 | 57.2 | 69.1 | 60.0 | 90.2 | 100.0 
Middle finger length 9.6 | CT.3 | 42.5 | 55.9 | 684 | 79.5 | 90.2 | 100.0 
Arm circumference 6.6 | 25.1 |40.6 | 54.5 | 67.1 | 78.7 | 89.6 | 100.0 
forearm circumference TA | 25.5 |41.2 | 54.9 | OfA | 79.0 | 89.6 | 100.0 
Wrist circumference 1.0 | 25.2 | 40.8 | 54.0 | 67.3 | T89 | 89.6 | 100.0 


external dimensions of the upper extremity have attained over half 
of their total prenatal growth, the values ranging from 54.5 per cent 
for the arm circumference to 58.0 per cent for the forearm length. 
At nine months all of the external dimensions are approximately 
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nine-tenths of their natal size, the calculated percentage values 
ranging from 89.8 for the forearm and wrist circumferences to 90.6 
for the forearm length. 
TABLE 142 
RELATIVE Size OF THE ExTERNAL DimENSIONS OF THE Upper EXTREMITY 
(ComPpuTED As PER CENTS oF THE CrowNn-HrrL LENGTH) aT 
Eacu Five-CrentTiMeter INTERVAL oF CRrowN-HeEe. LENGTH 


reese Per cent. of total (crown-heel)lensth at: 
5.cm.|10cm. em.£0 em Cem 30cm) 35 cm, 
Length of upper extremity 5C.0|30.0)3T.3 |38.0 |384 |36.7 
Arm length (acromion to elbow) 14.0) 15-0115:2415.3:\ 153/155 
Forearm length 10.0} 11.5)12.0] 12.3 |124 | 12.5 
Hand lensth 6.0} 9.0) 10.0} 10.5 | 10.6} 11.0 
Middle finger length £OPA 51855 0.01565 705 
Arm circumference 5.C|12.2)14.5) 15.7 |104|16.9 
Forearm circumference 4.6| 12.0) 14.5} 15.8}16.5 | 17.0 
Wrist circumference 6.5 9.9 | 11.5} 12.5 15:6 


Table 142 shows the calculated relative size of the various external 
dimensions of the upper extremity at successive 5 cm intervals of 
* crown-heel length. All of these dimensions show an increase in relative 
length during the fetal period. The length of the upper extremity is 


TABLE 143 
RELATIVE SIZE OF THE EXTERNAL DIMENSIONS OF THE UpPpEeR EXTREMITY 
(ComPuTED AS PER CENTS OF THE CROWN-HEEL LENGTH) 
AT THE CLOSE OF EacH MONTH OF THE FETAL PERIOD 


Dans : Per cent. of total Crown-heel) length at: 
Dimension 1 

3mo.|4mo.| 5mo.| Omo.| Tmo.| Omo.| Imo. |lOmo. 
ee 
Length of upper extremity 945) 5G 0490s) | 9G0190.9 199.0), FON I97 
Arm length (acromion to elbow) fC Osco oro 10.90 1) | OA Aa 54 
Forearm length 1OSTIZO MG 3IMLD PIGOMMIGO Ie. 116.6 
Hand length LOWMIOOMMOT NTO DE Gita eo vet TA 
Middle finger length 3.2| 56| 62) 65! 6.6] 68] 66] 69 
Arm circumference OF Ata AO ialO.Ouek cay lt ich iae| 1E38 
Forearm circumference BONA OC 16.9 | 1i.ou 16) 19) 16.0 
Wrist circumference CA \IOOVICA {15.1 {3.6 | 14.0 | 14.3 | 14.5 


equivalent to 32 per cent of the body-length at 5 cm crown-heel 
length, 38.4 per cent at 25 cm, and 39.2 per cent at 50 cm. The arm 
and forearm lengths show small relative increments, from 14.6 and 
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10.0 per cent, respectively, at 5 em crown-heel length, to 15.4 and 
12.7 per cent at 50 cm. The greatest relative increment in pro- 
portional size is in the length of the middle finger, which rises from 
1.6 per cent at 5 cm to 6.9 per cent at 50 cm. The increase in the 
relative sizes of the arm circumference and forearm circumference, 
between 10 and 50 em crown-heel length, is approximately 50 per 
cent, being somewhat greater for the latter than for the former. The 


FIGURE 59 


THE CHANGES IN THE RELATIVE SIZE OF THE EXTERNAL DIMENSIONS 
OF THE Upper EXTREMITY IN THE FETAL PERIOD 


OHOW 


3) 4 3) 6 i 8 9  10mo. 


Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Seammon and Calkins). Ordinates: Relative 
values of the dimensions of the upper extremity expressed as per cents of the 
crown-heel length. 


. Circumference of wrist 
. Length of forearm 

. Length of hand 

. Length of middle finger 


1. Length of upper extremity 
2. Circumference of forearm 
3. Circumference of arm 

4. Length of arm 


CONT Oo ON 


wrist circumference increases from 6.5 to 14.5, in relative size between 
10 and 50 em crown-heel length, a change of over 100 per cent. 

The computed length of the upper extremity as a whole (table 143) 
is equal to 34.3 per cent of the total body-length at three months, 
38.6 per cent at six months, and 39.2 per cent at ten months or 
birth. The relative length of the arm shows little increase, the cal- 
culated values being 14.8 per cent at three months and 15.4 per cent 
at birth. The greatest increase in any linear dimension of this group 
is found in the middle-finger length, which is equivalent to 3.2 per 
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cent of the crown-heel length at three months and to 6.9 per cent at 
ten months. The arm girth is equivalent to 9.3 per cent of the total 
body-length at three fetal months and to 17.8 per cent at birth. The 
figures for the forearm are quite similar, although the increase in 
relative size is a little greater. The relative size of the wrist cir- 
cumference increases from 2.4 per cent at three months to 13.1 at 
six months and 14.5 per cent at birth. 

The relation of the computed length of the upper extremity to the 
computed sitting-height or crown-rump length may be illustrated by 
an index computed by dividing the former dimension by the latter 
and multiplying the result by 100. Our calculated values for these 
two dimensions give an index of 42.1 at 5 cm crown-heel length, 
56.5 at 25 em, and 58.5 at 50 cm. This index is 47.0 at three fetal 
months, 57.1 at six months, and 58.5 at ten months or birth. 

Among the more interesting problems in the growth of the ex- 
tremities is the relation of the length of the forearm to that of the 
arm in the fetal period. It has been claimed by Hamy and by Corréa 
that the length of the forearm, relative to that of the arm, decreases 
during the fetal period. On the other hand Schultz (’23, ’26) and 
Reicher (’25) find that during the third and fourth months the fore- 
arm grows much more rapidly than the arm. ‘These relations are 
often represented by the brachial index, which consists of the length 
of the forearm multiplied by 100, and divided by the length of the 
arm. Since this relation has been a matter of dispute we have deter- 
mined these indices for our computed values as obtained by the three 
methods of curve fitting which we have employed. Using the con- 
stants of our formulae as determined by graphic methods we find 
that the brachial index is 68.5 at 5 em crown-heel length, 80.9 at 
25 em, and 82.5 at 50 em. The corresponding values for intervals 
of time are 73.3 at three fetal months, 81.5 at six months, and 82.5 at 
ten months or birth. When computed from the empirical formulae, 
with the constants determined by the method of averages, the 
brachial index is 73.7 at 5 em crown-heel length, 81.0 at 25 cm, and 
81.9 at 50 cm. The same index for intervals of time is 76.3 at three 
fetal months, 81.3 at six months, and 82.0 at birth. Using the em- 
pirical formulae with the constants determined by the method of 
least squares, the brachial index is 71.5 at 5 em crown-heel length, 
80.5 at 25 em, and 81.7 at 50 cm; and 74.8 at three months, 80.9 at 
six months, and 81.7 at birth. Thus, although our figures show some 
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variation dependent upon the method employed in computing the 
calculated values, they all show an increase in the brachial index in 
the fetal period. In other words, our figures support the views of 
Schultz and of Reicher as opposed to those of Hamy and of Corréa. 

The forearm-hand index is obtained by multiplying the hand length 
by 100 and dividing by the length of the forearm. Computing this 
index according to our calculated values from formulae by graphic 
methods we obtain a value of 60.0 at 5 cm crown-heel length, 87.1 at 
25 em, and 89.8 at 50 em. In relation to time this index is 71.4 at 
three fetal months, 87.7 at six months, and 89.7 at ten months. Thus 
our figures indicate a constant increase in the length of the hand with 
respect to the forearm in the fetal period. Schultz has found a similar 
increase from the fifth fetal month to birth, but he records a decrease 
in the third and fourth months. The indices of Reicher are quite 
irregular but show a trend towards increase in the fetal period. 

The relations in the girths of the arm and forearm may be deter- 
mined by the arm-proportion index, which is computed by dividing 
the maximum girth of the forearm by the maximum girth of the arm 
and dividing the result by 100. According to our figures this index 
is 88.5 at 5 em crown-heel length, 100.7 at 25 cm, and 101.1 at 50 em; 
or, 95.5 at three fetal months, 100.6 at six months, and 101.1 at ten 
months or birth. In other words, the girth of the forearm is increasing 
more rapidly than that of the arm in the fetal period, a fact that is 
evident from the other forms of computation that we have pre- 
sented. 


PART VIII 


SUMMARY OF FINDINGS ON THE EXTERNAL 
DIMENSIONS OF THE LOWER EXTREMITY 


I. Introductory Note 


Eight dimensions were measured in connection with the study of 
the lower extremity. Six were linear measurements: two lengths of 
the thigh (from the posterior superior spine of the ilium to the knee 
and from the greater trochanter to the knee); the length of the leg; 
the height of the foot; the length of the foot; and the length of the 
lower extremity as a whole as determined by adding the length of 
the thigh from trochanter to knee, the length of the leg, and the 
height of the foot. The circumferential growth of the lower extremity 
was followed by measurements of the girth of the thigh and the 
maximum girth of the calf. A part of the lower extremity is included 
in the intertrochanteric diameter, which is discussed in connection 
with the pelvis. 


II. Consideration of Individual Dimensions* 
63. Lower Extremity Length 
(Figure 60, Field Graph 56, Tables 144, 145, 177, and 180) 


The length of the lower extremity as determined in this study 
represents the distance from the upper lateral surface of the greater 
trochanter of the femur to the sole of the foot. This value was deter- 
mined by adding the length of the thigh, the length of the leg, and the 
height of the foot, for the extremities of our specimens were usually 
flexed. . 

The length of the lower extremity is increased 0.8 per cent by 
formalin injection. The subsequent changes in formalin preservation 
are very slight but irregular. After injection and six months’ preserva- 
tion, the average value for preserved material is 0.9 per cent greater 
than in fresh specimens. 

Table 144 summarizes our findings and computations for this 
dimension. The fit between our observed and calculated values is 
a fairly close one. The average absolute deviations for the 5 cm 
crown-heel intervals, from 5 to 55 em, inclusive, range between 1 

* The plan used in preparing the following summaries is described in Part I, 
Section IV (p. 54) of this monograph. 
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TABLE 144 


LENGTH of Lowen EXTREMITY 
43 CH (mM.)-7.0 mM. (315 CASES) 


Length ; Difference Calculated Values at Sem. 
eae Se between ee intervals of Crown Heel Length 
Observed Calculated] (a) and) | ° CH | Value | Percent. 


_; Min. [Mean Mean(b) | mm. Per cent U(r nl pares 


i 
Bye | Be . 0.0 


239) 254 +63 


ei |) ee 
248 


TABLE 145 


AVERAGE LENGTH OF THE LOWER EXTREMITY AT BIRTH 


AVERAGE 
AVERAGE LENGTH OF LOWER 
OBSERVER BODY-LENGTH See 

(cm) (em) 
ee Damanya males) a... souele cir 49.3 17.66 
Le Damany (females)... 2 a:0% > sacs: 49.0 17.65 
Orchansk ya (tales)e- eso. goes ae oe: 49.52 24.38 
Orchansky (females). tae scien gare: 48.3 23.9 
Onetcletwamales tr sks es Wana see 50.0 19.5 
Oueteletn fem ales) sev. ose oars haa) as 49.6 19.3 
Riaiken males inact) a ste sorta atin are ee 49.9 16.9 
Ranke (females). ie (ee Ac hea ss ccc 48 .6 16.6 
IRGICe be (ALCS ae mica wenn ath ve cme nse 49.5 18.85 
Reicherattenmales) nea ne ee 50.0 18.38 
Schultz (estimated from graph)........ 54.0 19.+ 
MEA IOE 6 MAE OS) | yarak te Serabachs Ato keen ee 51.2 19.0 
May lOve 6 iad CS enea ten ee A pce nada: 50.0 18.8 
Wieissenberos(imales eatin. tect eases 50.8 20.5 
Weissenberg (females)................ 50.0 20.3 
Present series (calculated)............ DOE 2 20.9 
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and 1.5 mm, and the corresponding mean relative deviations are 1.83 
per cent or less. 


The growth of the lower extremity in the fetal period has been 
previously studied by Burtscher, Fridolin, Friedenthal, Lafaille, 


FIGURE 60 


THE GROWTH OF THE LENGTH OF THE LOWER EXTREMITY IN THE 
Frtrau Prriop As DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: Length 
of lower extremity (mm). 


Michaelis, Heuser, Corrado, Retzius, Reicher, Schultz, and others. 
When the findings of these observers are plotted they show great 
variation, which may be due, in part, to differences in the proximal 
end-point used in determining this dimension. The curve of our 
calculated values falls fairly through the center of this distribution, 
our results approximating those of Friedenthal (see tables 177 and 
180 and figure 60). There are a number of published observations 
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on the length of the lower extremity at birth. The chief of these, 
together with our calculated natal value, are given in table 145. 


64. Length of Thigh (Posterior Superior Spine of Ilium to Knee) 
(Field Graph 64, Table 146) 


This measurement was taken as a straight line from the posterior 
superior spine of the ilium to the level of the lower margin of the 
lateral condyle of the femur. We have no experimental data on the 
effects of formalin artifacts upon this dimension, but since the change 
in the length of the inferior extremity as a whole through preservation 
and injection amounts to less than 1 per cent, it is probable that the 
effect of these factors on the length of the thigh is negligible. 


TABLE 146 


LENGTH OF THIGH (POSTERIOR-SUPERIOR SPINE or JLUiUuM To Knee) 
-25CH(mm.)- 2.0mm. (299 cases) 


Crown Heel Length of Thigh (mm.) Diflerence 
Length = Sree between 


ap 2 _ Observed —_icalculated|_@) and (©) 
Range | Mean | §»m) | Max.) Min. [Mean (@)| Mean @) 


3-50} 410 


50-100 ; T7.9 


100-150 | {25.0 


150-200 
£00-250 


30.2 
| A2L.e 120 
| AT34 131 | 105 | 119% 
| me (38 | 110 ; 1299 


Table 146 summarizes our findings and computations for this 
measurement of the thigh. The average absolute deviations of the 
observed from the calculated values for 5 em intervals of crown-heel 
length, from 5 to 55 cm, inclusive, are of the order of 0.8 mm or less. 
The corresponding relative deviations range from 1.2 to 1.4 per cent. 

Most, if not all, observers who have studied the growth of the 
thigh in fetal life, appear to have measured the distance from the 
trochanter to the knee rather than the dimension considered here. 
Zeising gives the natal value of this dimension as 15.2 em. Our cal- 
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culated newborn value (as estimated by the empirical formula with 
graphically determined constants, at 50.2 em crown-heel length) is 
much lower, being 12.4 em. 


65. Length of Thigh (Trochanter to Knee) 
(Figure 61, Field Graph 66, Tables 147 and 179) 


This measurement represents the distance in a straight line from 
the proximo-lateral surface of the greater trochanter to the level of 
the inferior margin of the lateral condyle of the femur. We have no 
data upon the effect of formalin injection and preservation upon this 
dimension, but both the regularity of the observed values in the upper 
part of the distribution, and the small changes produced on the length 
of the inferior extremity as shown by these artifacts, make it seem 
very probable that this effect is negligible. 


TABLE 147 


LENGTH OF THIGH (TROCHANTER TO Knee) 
9 CH (mm.) - 2.0mm. (301 cases) 


Lenst j ‘ Difference Calculated Values at Scm. 
coh eg on) belween sie Intervals of Crown Heel Length 
Observed Calculated|_() 2>d ) | 3505 [CH 7 value 1 Per cant 
Max , Min iMean(a) | Mean(b) | mm. [Percent EOP (ap) oe 
= + = + ¢ + 
fo ceo =) so ess | foi | -i7 |) (ey wm) = 


= } 
50-100; 78.0) 586 1G) iff 12.5 {28 | +03 | +24 £0 10 17.0 {eT 


1 
LOCA5O 12510) S800 eee lif ZO Ei Sah OF 1) O81) AO 15 £O.5 56 
IDOOOII TE Da LOO S55 966 308 | 308 | too! +00] 2 £O 36.0 36 


TT a 
200-250! 224.5] 151.7 | 49 | 233 419 WeaOG phe -ao |) 47 Neco | ans? 9 86 
| 4 
B5 600" OOO) Wn-OGs = 10.1 332-1350 | G45 ™ I At 
{ 


4O | 40! 15 
Ay 7 6b5el 15 
So eecaor = Tl 
Don nlOCoun ie | 


oT tore USO || ste axel! IT 


Al 50.0 496 | -10 ,-£0| 42 30 55.0 él 


Table 147 summarizes our findings and computations for this 
measurement of the inferior extremity. The correspondence between 
the calculated and the observed values for this dimension is quite 
close. The average absolute deviations of the calculated from the 
observed means for the 5 cm intervals of crown-heel length, from 5 
to 55 em, inclusive, are of the order of 0.6 mm. The corresponding 
relative deviations range from about 1.3 to 1.5 per cent. 
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Although most observers of growth of the extremities in prenatal 
life have not defined their measurements very carefully, it seems that 
the majority of the published observations on the length of the thigh 
represent this dimension as defined above. These include the ob- 
servations by Lafaille, Retzius, Friedenthal, Fridolin, and Burtscher. 
Our calculated values fall slightly below those of most previous 
observers, although they are in fairly close agreement with those of 
Retzius, Friedenthal, and Fridolin. 


FIGURE 61 


Tue GROWTH OF THE LENGTH OF THE THIGH IN THE FETAL PERIOD AS 
DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: 
Length of thigh (mm). 


We have found no published natal value for this dimension except 
one of 10.35 cm given by Reicher. Our calculated value (computed 
by the empirical formula with graphically determined constants, at 
50.2 em crown-heel length) is 9.3 em. 


66. Length of Leg 
(Figure 62, Field Graph 65, Tables 148, 149, and 179) 


This dimension represents the distance in a straight line from the 
level of the lower margin of the lateral condyle of the femur to the 
lower margin of the lateral malleolus. We have no correction figure 
for the effect of formalin injection and preservation upon this dimen- 
sion, but, from the evidence cited in connection with the other seg- 
ments of the inferior extremity, it seems probable that this correction 
would be a negligible one. 
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Our findings and computations for the length of the leg are sum- 
marized in table 148. The average absolute deviations of the cal- 
culated values from the corresponding observed means of this 
dimension for the 5 cm intervals of crown-heel length, from 5 to 
55cm, inclusive, are of the order of 0.5 to 1.0mm. The corresponding 
relative deviations range from 1 to about 1.8 per cent. 


TABLE 148 


LENGTH OF LEG (LATERAL EPICONDYLE To LATERAL MALLEOLUS) 
-2CH (Mm) -4.5™m. (299 cAsES) 


Difference Calculated Values at 5cm. 
between |Number/Intervals of Crown Heel Length 
(a) and (b) of 


CH 


; Percent A525 | Lenst 
A.0 , -0.3 
50-100! 7&0 . Wes) -O4 

an + =f 
100-150 | 104.9 20.9 - 04 


(cm) 


FIGURE 62 


Tur GROWTH OF THE LENGTH OF THE LEG IN THE FETAL PERIOD AS 
DETERMINED BY VARIOUS OBSERVERS 
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Abscissa: Crown-heel length (mm). Ordinate: 
Length of leg (mm). 
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The growth in the length of the leg in the fetal period has been 
previously studied by Friedenthal, Fridolin, Burtscher, and others. 
Our calculated values agree very closely with the findings of Frieden- 
thal but are much higher than the values given by Biirtscher and 
Fridolin. The available means for this dimension in the newborn are 
given in table 149. 

TABLE 149 
AVERAGE LENGTH OF LEG AT BIRTH 


AVERAGE AVERAGE 
OBSERVER BODY-LENGTH LENGTH OF LEG 

(cm) (cm) 
hare Ales hacys se We gs. teoe Ol. os cae 50.0 ; 9.0 
Piha r7ike Lemales)e oe ee ey eee 49.0 8.82 
CIO TELO tM TEA OS ete, on, in Sette a Ss ws 50.0 Oral 
Gneteletademales) i. Fo. eis nore cs 49.6 8.7 
lee comet ks. ee eet eee, (eles shar 8.4 
Present series (calculated)............ 50.2 9.6 


67. Height of Foot 
(Figure 63, Field Graph 67, Tables 150 and 179) 


This dimension represents the distance in a perpendicular straight 
line from the lower margin of the lateral malleolus to the sole of the 
foot. We have no correction data for this measurement. 

Our findings and computations for the height of the foot are 
summarized in table 150. The average weighted deviations of our 
calculated values from our observed means for this dimension, for 
the 5 em intervals of crown-heel length from 5 to 55 em, inclusive, 
fall between 0.4 and 0.7 mm. The corresponding relative deviations 
range from about 6 to nearly 9 per cent. 

The growth of the height of the foot in the fetal period has been 
previously studied by Friedenthal and by Lafaille. Our calculated 
values show the same general course of growth as is indicated by these 
observers’ averages, but are consistently lower over the greater part 
of the distribution. 

Quetelet obtained a natal value for the height of the foot of 2.4 em 
for both males and females (at 50.0 and 49.6 em crown-heel length, 
respectively). Our calculated natal value (computed at 50.2 cm 
crown-heel length, with the empirical formula having graphically 
determined constants) is distinctly lower, being but 1.9 em. 
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TABLE 150 


HEIGHT of Foor (LATERAL MALLEOLUS To SoLe) 
.04 CH (mM.) - 1.5mm. (298 cases) 


Crown Heel Height of Foot (mm.) Difference Calculated Values at 5cm. 
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68. Length of Foot 
(Figure 63, Field Graph 68, Tables 151, 152, and 179) 


This dimension was measured as a straight line from the posterior 


margin of the heel to the tip of the extended great toe. We have no 
correction data for the effect of formalin artifacts on this dimension. 


FIGURE 63 


Tue GROWTH OF THE Foot IN THE FETAL PERIOD AS 
DETERMINED BY VARIOUS OBSERVERS 
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The upper group of curves is of foot length and the lower group is of foot 
height, as determined by various observers. Abscissa: Crown-heel length (mm). 
Ordinates: Foot length and foot height (mm). 
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Our findings regarding the length of the foot are summarized in 
table 151. The average absolute deviations of the calculated values 
from the corresponding observed means, for the 5 cm intervals of 
crown-heel length from 10 to 55 em, inclusive, are of the order 0.6 
to 0.7 mm. The corresponding average relative deviations range from 
3.2 to 4.0 per cent. 

TABLE 151 
LENGTH oF Foor 


16 CH(mM.)- 6.5 Mm. (€99 CASES) 


Difference Calculated Values at 5cm. 
Length of Foot (mm.) Beneen } Heel Lengib 
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The growth of this dimension in the fetal period has been previously 
studied by Lafaille, Retzius, Corrado, Burtscher, Heuser, Frieden- 
thal, Hasselwander, Fridolin, and others. Their findings are shown 
in table 179 and the upper group of curves in figure 63. When these 
averages are represented graphically, the resulting curves show con- 
siderable variation, particularly in their upper portions. Our c¢al- 
culated curve falls in the midst of this distribution approximating 
the values obtained by Retzius and by Heuser. 

The use of this dimension in obstetrical procedure has led to an 
accumulation of considerable data on the length of the foot in the 
newborn. The chief published natal averages are given in table 152. 
Our calculated value for the newborn is lower than the observed value 
reported by most of these investigators. This is probably due to the 
fact that our measurement was made to the tip of the great toe rather 
than to the tip of the longest toe of the foot. 
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TABLE 152 
AVERAGE LENGTH OF THE Foor at BirtH 
AVERAGE AVERAGE 
OBSERVER BODY-LENGTH LENGTH OF FOOT 

(em) (cm) 
atime raiiales) <8 = dee ee ke 7.83 
Dadmers(females)) x16. S35. es beet co eo 
COMMC Da se af inte icc (ieee ae es 7.3-7.6 
TAGS Oa 5 he ae 8.0 
ING mietnraNOe ese as ee ee 8.13 
ING girmirerncles as «po. eee ae ae ee 7.43 
@uwetelet: (males) i... oe: ke. om 50.0 7.5 
Quetelet: females) ic. . 5 let cn cw: 49.6 7.4 
EVCNGOIPE Otte Sto) nn a) ees eae 120 
SLOG 9% RA in go Ne ren a aR ra 46.8 7.8 
SS) CUA Ae Set ae noone a a, Ee 7.8 
Peavilowedinales yatee. 2. ks ¢ et eee, 51.2 8.3 
ayloRddemalesay. +. sy. oo dan due e ee. 50.0 Sal 
Weissenberg (males). ..<............. 50.8 fi Xe) 
Weissenberg (females)................ 50.0 7.8 
PIES CUNY Gad, 0 oe, I a oe on Sled 
Present series (calculated)............ 50 22 7.4 


69. Circumference of Thigh 
(Field Graph 70, Table 153) 


The circumference of the thigh was measured just below the gluteal 
sulcus in the horizontal plane. This dimension is increased 3.8 per 
cent by formalin injection. Subsequent immersion in formalin causes 
a further increase to 7.5 per cent in the first month, and to 8.6 in 
three months. Thereafter there is a slight decline to 7.5 per cent 
at six months. Pee | 

Table 153 summarizes our findings and computations for this 
dimension. The average absolute deviations of the calculated from 
the observed values, for 5 em intervals of crown-heel length from 5 
to 55 em, inclusive, are from about 3 to 4mm. The corresponding 
relative deviations range from 3 to 5 per cent. The maximal absolute 
deviations are found in the 50 to 55 cm intervals, and are due largely 
to the correction for preservation artifacts. 

We have found no published observations on the circumference 
of the thigh in the fetal period. Quetelet found the average circum- 
ference of the upper portion of the thigh in the newborn to be 13.8 
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em for males (at 50.0 em crown-heel length) and 13.7 em for females 
(at 49.6 cm crown-heel length). He also found the circumference at 
the distal end of the thigh to be 11.7 cm for males, and 11.6 em for 
females. Our calculated natal value is slightly higher, being 14.26 
em at 50.2 em crown-heel length, when computed by means of the em- 
pirical formula with constants determined graphically. 


TABLE 153 


CIRCUMFERENCE OF THIGH 
-31 CH (M™.) -13.0mmM. (294 cases) 
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70. Circumference of Calf 
_ (Field Graph 69, Table 154) 


This measurement represents the maximum circumference of the 
calf in the horizontal plane. We have no correction figures for the 
effect of artifacts on this dimension, but presumably the artifactual 
changes are similar to those of the thigh, which have just been 
described. 

A summary of our findings and computations for this diameter 
is shown in table 154. Considering that this is a soft-part measure- 
ment, the agreement between the observed and calculated values 
for the 5 cm intervals of crown-heel length from 5 to 55 em, inclusive, 
is a rather close one. The average absolute deviations are all below 
2.6mm. The corresponding average relative deviations range from 
about 2.7 to 5.4 per cent. The largest deviations are in the upper 
5 ecm intervals and probably are due largely to formalin artifacts. 
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We have no data on the growth of this dimension in the fetal 
period. Quetelet obtained an average natal circumference of 9.8 cm 
for males (at 50.0 em crown-heel length) and 9.7 cm for females 
(at 49.6 cm crown-heel length). Our calculated natal value (at 50.2 
cm crown-heel length, as estimated with the empirical formula having 
graphically determined constants) is 10.0 cm. 


TABLE 154 


CIRCUMFERENCE OF CALF 
-22CH(mm.)-10.5mm.(289 cases) 
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III. Résumé and Discussion of Findings on the External 
Dimensions of the Lower Extremity 


The empirical formulae for the dimensions of the lower extremity, 
like those of the upper extremity, all show negative b or secondary 
constants. As in the case of the upper extremity, these constants 
increase in size proximo-distally, with the exception of that of the 
foot height which is smaller than that of the leg length. This rule 
does not hold true for the thigh and calf circumferences, for the 6} 
constant of the latter is smaller than that of the former. 

The calculated values for this group of dimensions at each 5 cm 
interval of crown-heel length, from 5 to 50cm, inclusive, are summarized 
in table 155, and are shown graphically in figure 64. They are also 
included in the tables of the individual measurements (tables 144, 
146, 147, 148, 150, 151, 153, and 154), which contain as well the 
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absolute and percentage increments in these dimensions for each 5 
em interval of crown-heel length. 


TABLE 155 


CALCULATED VALUES OF THE EXTERNAL DIMENSIONS OF THE LOWER EXTREMITY 
AT Eacu Five-CENTIMETER INTERVAL OF CROWN-HEEL LENGTH 


Calculated values (mm.) at crown-heel lengths of: 
Ral, 


Dimension 


: 22.0}143. 51105.0180.5)206. 
: 73.0 35.5|46.0 60.5) T3.0| 85.5) 98.0/110.5123.0 
.5| {7.0} 26.5/ 30.0) 45.5} 55.0} 64.5) 74.0) 83.5) 95.0 
.5) 15.5) 25.5|55.5| 45.5} 55.5] 65.5) 15.5} 85.5) 99.5 
£.5| 4.5} 0.5} 8.5} 10.5) 12.5) 14.5} 16.5} 18.5 
5} 9.5)17.5)25,5) 35.5)4 1.5|49.5|57.5}05.5) (3.9 
5} 18.0,33.5|42.0)04.5) 80.0 95.5|L11.01126.5/142.0 
.|55.5}60.5} TL.5) 88.5 995 


Length of lower extremity 
Tee length (post. sup. iliac spine to knee)} . 
“(trochanter to Knee) 


Foot height 

"length 
Thigh circumference 
Calf circumference 


Table 156 gives the computed values (as determined from the 
formulae obtained by graphic methods) of each of. the external 
dimensions of the lower extremity at the close of each month of the 
etal period, and figure 65 illustrates the growth of these dimensions 


fn relation to time. 
TWA BER 156 


CALCULATED VALUES OF THE EXTERNAL DIMENSIONS OF THE LOWER EXTREMITY 
AT THE CLOSE oF EacH MONTH OF THE FETAL PERIOD 


formulae Calculated values (mm.) at: ; 
b |3mo/4mo| 5mo.|Omo.) Tmo.|8mo)9 mo.|lOmo. 


Length of lower extremity AD |- T.0| £54 | 59.8) 91.0 | 116.6|143,7| 166.8) 188.5 208.9 
a length (post. sup. iliac spine to knee} .25 | £.0) 15.7) 30.9) 55.0) TIO} 65.0) 99.1) 1117 |125.5 
(trochanter fo knee) 19 |- 2.0) 11.5] 27.5|41.3) 53,5] 64.6] 74.8) 844) 93.4 

Leg length (knee to lateral malleolus)| .¢ |- 4.5] 9.7) 26.0|41.1) 53.9) 05.0) T04| 864) 95.9 
Foot height 04 |- 1.5} 1.3] 4.7] 7.6} 10.2) 12.5] 14.T| 16.7| 18.6 
length 10 |- 6.5} 4.8| 184 | 30.0| 40.2) 49.6| 58.2| 66.3) 13.8 
Thigh circumference ol |+-13.0} 89] 35.2 | 57.6) 77.5} 95.7)112.3} 1280) 142.6 
Calf circumference LL |-10.5} 5.1} 23.7! 59.6) 53.7| 06.6) T84| 89.5) 999 


Dimension 


The absolute and percentage increments of each of these dimensions 
in each month are given in tables 157 and 158. In the fourth month 
these values range from 36.4 mm for the length of the lower extremity 
to 3.4 mm for the foot height. These increments decline to 20.3 and 
1.9 mm, respectively, for these dimensions in the tenth month. 
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In the fourth fetal month all of the linear dimensions of the 
lower extremities are more than doubled, the percentage increment 
figures ranging from 135.0 for the length of the thigh (from the 
posterior superior iliac spine to the knee) to 281.3 for the length of 
the foot. During this month the thigh circumference increases nearly 
threefold and the calf circumference more than three and one-half 


FIGURE 64 


THe GROWTH OF THE EXTERNAL DIMENSIONS OF THE LOWER EXTREMITY (as 
DETERMINED BY EmprricAL FORMULAE) IN THE FETAL Period wiTH 
RESPECT TO GROWTH IN Crown-HEEL LENGTH 
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Abscissa: Crown-heel length (em). Ordinates: External 
dimensions of the lower extremity (mm). 


1. Length of lower extremity 5. Length of leg 
2. Circumference of thigh 6. Length of thigh (trochanter to knee) 
3. Length of thigh (posterior superior iliac 7. Length of foot 

spine to knee) 8. Height of foot 


4. Circumference of calf 


times. In the seventh fetal month the increments vary from 20.6 per 
cent for the thigh length to 24.0 per cent for the calf circumference. 
The increments in the tenth month are about one-half those of the 
seventh, ranging from 10.6 per cent for the thigh length to 11.6 per 
cent for the calf circumference. 

The per cent of the natal value that each dimension has at- 
tained at each 5 cm interval of crown-heel length is shown in table 
159. At 5 cm these values for the linear dimensions vary from 8.5 
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per cent for the thigh length (posterior superior iliac spine to the 
knee) to 2.0 per cent for the length of the foot. At this stage the 
thigh circumference has attained 1.8 per cent and the calf 0.5 per 
cent of the natal size. At 25 em crown-heel length all of the external 
dimensions of the lower extremity have completed somewhat less 


FIGURE 65 


THE GROWTH OF THE EXTERNAL DIMENSIONS OF THE LOWER EXTREMITY (AS 
DETERMINED BY EMPIRICAL FORMULAE) WITH RESPECT 
to AGE IN THE FETAL PERIOD 
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Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Seammon and Calkins). Ordinates: External 
dimensions of the lower extremity (mm). 


1. Length of lower extremity 

2. Circumference of thigh 

3. Length of thigh (posterior superior iliac 
spine to knee) 

4. Circumference of calf 


. Length of leg 

. Length of thigh (trochanter to knee) 
Length of foot 

. Height of foot 


than half of their total prenatal growth, the figures ranging from 
44.7 per cent for calf circumference to 49.2 per cent for the thigh 
length. At 45 cm the various dimensions have acquired slightly less 
than nine-tenths of the natal value, the figures ranging from 88.9 per 
cent for the calf circumference to 89.8 per cent for the thigh length. 
At three fetal months the length of the lower extremity is 11.2 
per cent of its natal value, while the corresponding figures for its 
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various linear segments range from 12.7 per cent for the thigh length 
(posterior superior iliac spine to knee) to 6.5 per cent for the length 
of the foot. At this time the thigh circumference has attained 6.2 


TABLE 157 


CALCULATED ABSOLUTE INCREMENTS OF THE EXTERNAL DIMENSIONS OF 
THE LOWER EXTREMITY IN EacH MonruH OF THE FETAL PERIOD 


eect ie Absolute increments (mm, in the: 
Athmo.| 5th mo. Othmo.| Tthmo.|8thmo.| 9thmoe,/lOrh mo. 


as 
Length of lower extremity 360A | 31.2 
Thigh length (post.sup. iliac spine to knee)| 21.2 | 16.1 
“(trochanter to knee) (Gos Cela ae) 
Leg length (knee fo lateral malleolus) | 10.9 | 14.5 
Foot height IA | 09 
“— fength 1552/1 1:6 
Thigh circumference 6.6.) CGD 
Calf circumference 18.6 | 16.0 


per cent and the calf circumference 5.1 per cent of the natal size. 
At six months all of the dimensions of the lower extremity have 
completed over half of their prenatal growth. The values range 


TABLE 158 


CALCULATED PERCENTAGE INCREMENTS OF THE EXTERNAL DIMENSIONS OF 
THE LOWER EXTREMITY IN HacH MontvH OF THE FETAL PERIOD 


Percentage increments in the: 
Athmo.| 5th mo Othmo Tth mo.|6thmo.| Ith mo.|!Othmo. 


Tea TSE | Se 
Length of lower extremity DORE. C0. oh lO aD. Onn100 
Hebe length (post.sup. iliac spine lo knee) 135.0 | 49.1 | 29.1 | 20.6 | 15.6] 12.7 | 10.6 
“(trochanter to knee) LAO ONPG CrPCO SD lecOs el onl [C.OnmtOx, 
Leg length (knee to lateral malleolus) 174.0 | 54.5 | 31.1 | C17 | 105 | 13.2 11.0 


Dimension 


Foot height (GLU OI ea Le CEO LEO Iori LA 

length EOL TOD C4295 C).4 clldesa 15; 9a eh len 
Thigh circumference L9AAS ODO VPA 4 (OAR. eO;9 eles 
Calf circumference | 5047 | OLD eo Oncor lil ei4-cy LEO 


from 53.8 per cent for the calf circumference to 57.5 per cent for the 
thigh length (posterior superior iliac spine to knee). At nine months 
all the dimensions have attained approximately nine-tenths of 
their natal size, the range being from 89.6 per cent for the calf cir- 
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cumference to 90.4 per cent for the thigh length (trochanter to knee). 
The computed relative sizes of external dimensions of the lower 
extremity at various body-lengths are shown in table 161. At 5 cm 


TABLE 159 
Per Cent oF Natat VALur ATTAINED BY Hach EXTERNAL DIMENSION OF 
THE LowER EXTREMITY AT HAcH FrvE-CENTIMETER 
INTERVAL OF CROWN-HEEL LENGTH 


Percentage of natal value at crown-heel lengths of: 
5em.1Ocm!!5em|2Ocm|C5cm/30cm)35cm.40cm/45em| 50cm. 


SSS SS eS Se te 
Length of lower extremity T.0 | 17.3} 27.6 | 38.0 |48.3 |58.7| 69.0] 79.3 | 89.T |100.0 
Thigh length (post.sup.iliac spine loknee) 6.5 | 18.7) 26.9| 59.0 |49.2|59.3 | 69.5 | 79.7 | 69.6 100.0 
(trochanter to knee) 8.1 | 18.3 | €8.5| 38.7 |48.9| 59.1 |69.4 | 79.6} 89.8 1000 
Leg length (knee fo lateral malleolus) | 5.8 | 16.2) 26.7| 37.2 |47.6) 56.1 | 68.6) 79.1 |89.5 100.0 


Dimension 


foot height £.T | 13.5] (4.3) 55.1 |45.9|56.8| 67.6] 764 | 69.2 |100.0 
length £.0 | 12.9) 23.6| 34.7 }45.6| 50.5| 67.3 | 78.2| 69.1 |100.0 
Thigh circumference 1.8 | 12.7) 23.0|34.5 |45A |56.3) 67.3] 78.2 | 69. 1 100.0 


Calf circumference 0.5 | 11.6| 22.6) 33.7 |44.7)|55.8| 66.8) 77.9 | 889 11000 


crown-heel length, the lower extremity as a whole forms 29 per cent of 
the total or crown-heel body-length; at 25 cm, 40.2 per cent; and at 50 
cm, 41.6 per cent. Between 5 and 50 cm crown-heel length, the re- 


TABLE 160 


PER CENT oF NatTaL VALUE ATTAINED BY EHacH EXTERNAL DIMENSION OF THE 
Lower EXTREMITY AT THE CLOSE oF Hach MontuH oF THE FRTAL PERIOD 


Percentage of natal value at: . 
Smo. |4mo.| 5mo.| Omo.| Tmo. | 8mo.| Imo.|10 mo. 
Length of lower extremity 11.2 | 28.6 | 43.5 | 56.8 | 68.8 | 79.8 | 90.2 | 100.0 
Thigh length (post. sup. iliac spine to knee} 12.7 | 09.9 | 44.5 | 57.5 | 09.3 | 60.2 | 90.3 | 100.0 
(trochanter to knee) 12.3 | 294 |44.2 | 57.3 | 09.2 | 80.1 | 90.4 | 100.0 

Leg length (knee to lateral malleolus)| 10.1 | 27.7 |42.9 | 56.2 | 684 | TAT | 90.1 | 1000 


Dimension 


Foot height 7.0 | 25.3 |40.9 | 54.8 | 6T.2 | T2.0 | 89.8 | 100.0 

length 6.5 | 4.9 |40.T | 54.5 | 67.2 | 18.9 | 89.8 | 100.0 
Thigh circumference 0.2 | f4.T |404 | 54.3 | 67.1 | 78.8) 69.8 | 1000 
Calf circumference 5.1 | 23.1 | 39.0 | 55.6 | 66. | 78.5 | 89.6 |1000 


lative length of the thigh (trochanter to knee) increases from 15.0 
to 18.6 per cent; that of the leg from 11.0 to 19.1 per cent; and that 
of the foot from 3.0 to 14.7 per cent. Between these two stages the 
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thigh circumference makes an increase of nearly sixfold in relative 
size and the calf circumference an increase of nearly twentyfold. 
The relative sizes of the external dimensions of the lower extremity 


TABLE 161 
RELATIVE Size OF THE ExTERNAL DIMENSIONS of THE LOWER EXTREMITY 
(CoMPUTED aS PER CENTS oF THE CRowN-HxEL Lencru) at Eacu 
Five-CENTIMETER INTERVAL oF Crown-HEEL LENGTH 


Per cent. of otal (crown-heel) length at: 
Sem{lOcmf{5em{C0cmf25cm|30cal5em, eke Den. 


Length of lower extremity £9.0}36.0|38.3)39.5 |40.2 Lot 41.0|41.3/414 |41.6 
Eo length (post.sup.iliac spine fo Knee)| 21.0] £3.0|23.T | 24.0) (4.0 |74.3) (AA | 74.5] 74.0] 24.0 
“(trochanter fo knee) 15.0} 17.0) 17.7| 18.0}18.2 |18.3) 18.4 | 18.5] 18.6) 18.6 


Leg length (Knee fo lateral malleolus) | 11.0) 15.5|1T.0) 17.8] 18.2] 16.5) 18.7] 18.9| 19.0} 19.1 


Dimension 


Foot height POC 25.0135. D0 ON. OL 

"length 3.0) 9.5} 11.8) 12.6] 134 | 13.8) 14.1} 144 | 14.60}14.7 
Thigh circumference 5.0} 18,0|22.3 | 74.5 | 25.6 )26.7| 77.3) 27.8) 28.1 | 28.4 
Calf circumference 1.0) 11.5) 15.0} 16.6 | 17.6} 16.5] 19.0] 19.4 | 19.T| 19.9 


as | Deberete |edit of Sia call 


at the close of each month of the fetal period are shown in table 162, 
and figure 66. At three months the lower extremity forms approxi- 
mately one-third of the total or crown-heel body-length (33.1 per 


TABLE 162 
RELATIVE Hee OF THE EXTERNAL DIMENSIONS OF THE LOWER HXTREMITY 
(CompuTED As PER CENTS OF THE CrowN-HeEEL LENGTH) AT 
THE CLosE oF Each MONTH OF THE FETAL PERIOD 


D; ‘Per cent. of total (Crown-heel) length at: 
imension 
Jmo.|4mo.| 5mo.} Omo.| Tmo.| &mo.| 9mo. |1Omo. 
Length of lower extremity 33,1 | 38.5 | 39.9 |40.6 | 41.0 | 41.3 | 41.5 |41.6 
Thigh length (post. sup. iliac spine to knee) 22.2 | 23.7 | 24.1 | 74.3 | C44 | 24.5 | 24.6 | 24.6 
“(trochanter to knee) 16.2 | IT.T | 18.1 | 18.3 | 184 | 10.5 | 16.6 | 16.6 
Leg length (knee to lateral malleolus) | 13.7 | 17.1 | 16.0} 18.5} 16.7 | 18.9 | 19.0) 19.1 
Foot heighr LOWE SO Oo oD 50 1 Olt ai 
“ fength 6.8 | 11.6) 13.2 | 13.6 | 14.2 | 144 | 14.6 | 14.7 
Thigh circumference 12.6 | 22.7 | 25.3 | 20.5 |C7.3 | 27.86 | 28.2 | 264 
Calf circumference TQ a TA 64 OO} 14 I Io6 


cent); at six months, approximately two-fifths (40.6 per cent); and 
at ten months, a little over two-fifths (41.6 per cent). The increase 
in relative length of the thigh is comparatively small. The leg, 
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however, shows an increase in relative length of nearly one-half 
(from 13.7 per cent at three months to 19.1 per cent at birth). The 
foot height is nearly doubled in relative size in the fetal period, rising 
from 1.8 per cent of the crown-heel length at three months to 3.7 
per cent at birth, and the length of the foot is more than doubled in 
the fetal period (from 6.8 per cent at three months to 14.7 per cent 


FIGURE 66 


Tur CHANGES IN THE RELATIVE SIZE OF THE DIMENSIONS OF THE 
Lower EXTREMITY IN THE FETAL PERIOD 


50 
fo 


40 


30 


EO 


@) 4 5 @) T 8 -) 10 mo, 


Abscissa: Age in fetal or lunar months (as determined from the crown-heel 
length by the empirical formula of Scammon and Calkins). Ordinates: Relative 
values of the dimensions of the lower extremity expressed as per cents of the 
crown-heel length. 

1. Length of lower extremity 

2. Circumference of thigh 

3. Length of thigh (posterior superior iliac 
spine to knee) 

4. Circumference of calf 


. Length of leg 

. Length of thigh (trochanter to knee) 
. Length of foot 

. Height of foot 
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at birth). The relative sizes of both the circumference of the thigh 
and of the calf show increases of considerably over 100 per cent 
between three fetal months and birth. 

In the preceding paragraph we have considered the relations of 
the length of the lower extremity to the body as a whole and we may 
now consider its relations to some other major divisions of the body. 
The relation of the length of the lower extremity to the sitting- 
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height may be estimated by a modified skelic index computed by 
dividing the former dimension by the latter and multiplying the 
result by 100. This index stands at 38.2 at 5 em crown-heel length, 
at 59.1 at 25 cm, and at 62.1 at 50 cm. It is 45.3 at three fetal months, 
60.0 at six months, and 62.1 at birth. 

The relation of the lower extremity to the trunk may be expressed 
by an index computed by dividing the length of the lower extremity 
by the trunk length (distance from sternal notch to pubis) and 
multiplying the result by 100. The values for this index are 93.5 at 
5 cm crown-heel length, 140.6 at 25 em, and 132.2 at 50 em. Com- 
puted for intervals of time, the values are 109.9 at three months, 
142.4 at six months, and 132.2 at ten months or birth. Thus it 
appears that the lower extremities grow in length more rapidly in 
the first part of the fetal period, and more slowly in the second part. 
We think it very probable, however, that this difference is only an 
apparent one, due to the fact that trunk length seems to be affected 
by posture. 

When we compare the length of the upper extremity with that of 
the lower extremity, using the intermembral index computed by 
dividing the length of the upper extremity by the length of the 
lower extremity and multiplying the result by 100, we obtain values 
of 110.3 at 5 cm crown-heel length, 95.5 at 25 em, and 94.2 at 50 
em. When computed for intervals of time, this index is 103.8 at three 
months, 95.1 at six months, and 94.2 at ten months. In other words, 
the growth of the inferior extremity exceeds that of the superior in 
the fetal period. ~The members are of about equal length at 7 cm, or 
early in the fourth fetal month. The general trend of this index is 
similar to that found by Reicher and by Schultz, but our values are 
much lower. 

A second intermembral index is computed by dividing the com- 
bined length of the arm and forearm by the combined length of the 
thigh and leg and multiplying the result by 100. The values obtained 
by this procedure are 94.6 at 5 cm crown-heel length, 76.2 at 25 cm, 
and 74.5 at 50 cm; or, for intervals of time, 85.8 at three months, 
75.7 at six months, and 74.5 at ten months. Thus this index shows 
the same general character as does the preceding one, although the 
combined lengths of the two proximal segments of the upper extrem- 
ity are never equal to the combined lengths of the two proximal 
segments of the lower extremity, in the fetal period. 
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The relation of the length of the leg and the length of the thigh 
in the fetal period may be expressed by the tibio-femoral index, 
computed by dividing the length of the leg by the length of the 
thigh (trochanter to knee), and multiplying by 100. This index is 
73.3 at 5 em crown-heel length, 100.0 at 25 cm, and 102.7 at 50 cm; 
or, 84.3 at three months, 100.7 at six months, and 102.7 at birth. 
The trend of this index is similar to that reported by Reicher and 
by Schultz, but our values are distinctly higher. 

The relation of the length of the leg to that of the foot may be 
expressed by dividing the foot length by the leg length and multi- 
plying the result by 100. The value of this index is 27.3 at 5 cm, 
73.6 at 25 cm, and 77.0 at 50 cm crown-heel length. It is 49.5 at 
three fetal months, 74.6 at six months, and 77.0 at birth. Again, 
the trend of this index is in agreement with the findings of Reicher 
and of Schultz. Evidently the length of the foot is increasing rela- 
tively much more rapidly than that of the leg, and that of the leg 
more rapidly than that of the thigh in the early part of the fetal 
period. 

The relation between the girths of the various parts of the lower 
extremity can be expressed by the leg-proportion index, which is 
found by dividing the circumference of the calf by the circumference 
of the thigh and multiplying the result by 100. The values of this 
index are 20.0 at 5 em crown-heel length, 69.0 at 25 em, and 70.1 at 
50 cm. At three fetal months this index is 57.3, while at six months 
it is 69.3, and at birth it is 70.1. Thus the girth of the leg increases 
much more rapidly than that of the thigh, particularly at the early 
part of the fetal period. 
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GENERAL DISCUSSION 


I. The Growth of the External Bodily Dimensions with Respect 

to the Total Body-Length 

In our opinion the most important conclusion reached in this 
study is that concerning the interrelationships of the growth of the 
various external dimensions of the body in the fetal period. As we 
have pointed out in the preceding sections of this publication, the 
great majority of these dimensions show a rectilinear relationship 
to the total or crown-heel body-length, and, since they are so related 
to this value they bear the same general relationship to one another. 

This relationship is quite evident for practically all dimensions 
of the body in the interval between 5 and 35 em total body-length. 
It is also characteristic of the great majority of the other external 
dimensions, between 35 and 50 cm crown-heel length, if the various 
artifacts introduced by formalin preservation and natal changes in 
the body are eliminated. The only exceptions to this rule are certain 
dimensions in the median line of the ventral surface of the body 
which, we think, are affected by posture. In this connection we may 
point out that the observations of other investigators on these median 
line dimensions usually tend to follow the course of a straight line 
when plotted against the total or crown-heel length. 

Since these relationships appear graphically as straight lines, they 
may be expressed algebraically by the general formula: 

D=aL-+6, 
where D is any external dimension of the body, L is the total or 
crown-heel body-length, a is an empirical constant in the form of a 
positive decimal fraction, and 6 is another empirical constant that 
may be either positive or negative. 

In such an expression the constant a represents the slope of the 
line in question and the constant b represents the elevation or de- 
pression of this line above the abscissa at its intercept. In other 
words a represents the absolute rate of growth in the dimension with 
respect to the growth in body-length in the period under considera- 
tion, and it may be determined by the expression: 

D.—D, 

in 
where L, and LZ, are any two given successive crown-heel lengths 
and D, and D, are values for any given dimension at these lengths. 
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The constant b, on the other hand, gives no information regarding 
the absolute rate of growth in the interval or period of body-length 
under consideration, but, in conjunction with a, it indicates the 
amount of growth that has taken place prior to the period for which 
the formula holds good. If 6 is positive we may say that the amount 
of growth in the dimension has been equal to the sum of the growth 
at rate a and of the b value. Under these conditions the growth of the 
dimension has been greater in this earlier period of crown-heel length 
increase than it is for an equal interval of crown-heel length growth 
in the period under consideration. If the 6 constant is a negative one 
the amount of growth of the dimension is equal to the amount of 
growth at rate a, minus the value 6. In this instance the increase in 
the dimension with respect to the total body-length in the period 
prior to that under consideration has been less than it is for an equal 
interval of crown-heel length in the period under consideration. 

In the present instance the term ‘“‘“embryonic period’”’ may be used 
as the approximate equivalent of the “period prior to that under 
consideration,” and the term ‘‘fetal period” in place of the ‘‘period 
under consideration.” Therefore we may restate the conclusions of 
the preceding paragraph in more general terms and say that external 
bodily dimensions represented by formulae with positive b constants 
increase more, with respect to body-length, in the embryonic period 
than in any equal interval of length-increase in the fetal period. 
Conversely, dimensions with negative b constants show less incre- 
ment with respect to body-length. Dimensions with zero b con- 
stants make equal increments with respect to total body-length in 
the embryonic period and in equal body-length intervals of the fetal 
period.* 

These points may be illustrated by examples of three types of 
straight line formulae. The empirical expression for the suboccip- 
ito-frontal circumference of the head, as determined by graphic 
methods, is: 

SFC (mm) =0.65 CH (mm)+15.0 (mm), 


* Since the 6 constant is only a part of the measure of the total amount of 
growth in the embryonic period and it gives us no key as to the rate of growth at 
this time, we cannot say that, the a constants being equal, a positive b constant 
indicates more rapid early growth than a negative one, for we cannot tell from 
such an expression when the growth of any dimension in question begins, and the 
size of a positive constant may be associated either with a more rapid rate of 
growth or with a longer period of growth. 
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which indicates that during the interval from 50 to 500 mm crown- 
heel length, there is a gain of 6.5 mm in suboccipital circumference 
for each increment of 10 mm in crown-heel length. But at 50 mm 
crown-heel length, which forms the lower limit of the application of 
this formula and approximates the close of the transition stage from 
the embryonic to the fetal period, the value for this dimension will 
be 0.65 (50 mm) +15.0 mm or 47.5 mm. In other words this dimen- 
sion of the head has grown 47.5 mm during the period in which the 
first 50 mm of growth in crown-heel length took place, although 
after this period there will be an increase of only 32.5 mm for each 
succeeding 50 mm increment in total body-length. 

On the other hand, the empirical formula for the length of the 
upper extremity, as determined by graphic methods, is: 


UEL (mm) =0.4 CH (mm)—4.0 (mm). 


This indicates that between 50 and 500 mm crown-heel length 
there will be a gain of 4 mm in the length of the upper extremity for 
each 10 mm increment in body-length. But our calculated value 
at 50 mm is 0.4 (50 mm) —4.0 mm, or, 16 mm. In other words the 
total growth in length of the upper extremity in the interval of growth 
in the body-length to 50 mm is only 16 mm, whereas the increments 
in this dimension for each succeeding 50 mm of crown-heel length 
will be 20 mm. 

The formula for the circumference of the thorax at the nipples, 
as determined by graphic methods, is: 


CTN (mm) =0.6 CH (mm) +0 (mm). 


There is, therefore, an increase of 6 mm in this dimension for every 
increment of 10 mm in body-length between 50 and 500 mm. Since 
the second or 6 constant is zero in this instance the value of the 
dimension at 50 mm crown-heel length is 30 mm. In other words, 
until the fetus reaches the length of 50 mm there has been a total 
growth of 30 mm in the chest circumference, and in each succeed- 
ing interval of 50 mm growth in crown-heel length there will also 
be a gain of 30 mm in chest circumference. 

It should be clearly pointed out that these simple relationships 
apply strictly to the increase of the various dimensions with respect 
to one another (including the total or crown-heel length) and that 
they do not apply to growth with respect to time. It should also be 
understood that these straight line relationships do not obtain until 


262 GROWTH IN THE FETAL PERIOD 


the fetus is 8 em or more in length, although they hold good from 
this stage to birth. How long they may be applied to the proportion- 
ate growth of the body in postnatal life cannot be definitely stated, 
although we have a large body of evidence indicating that they are 
characteristic of certain bodily dimensions for a considerable portion 
of infancy. 

While these formulae indicate that the absolute growth of each 
external dimension bears a constant ratio to the absolute growth of 
the body-length in the fetal period, it does not follow that the 
relative proportions of the dimensions to the body-length remain 
constant during this time. These ratios will remain unchanged only 
in those instances where the second or b constant of the empirical 
formula is zero. In all other cases the relative size of the dimension 
will decrease if the b constant is positive, and will increase if the 6 
constant 1s negative. 

Since we have found that these dimensions are related to the 
body-length in a simple linear way, they are similarly related to one 
another, and therefore their interrelationships may be expressed by 
the general formula: 

D,=a'D.+0’, 


where D, and D, are any two external dimensions of the body and 
a’ and b’ are empirical constants. If our observations were without 
“oratuitous variation,” grouping effects, or artifactual error, it would 
follow that the formula for any dimension in the term of any other 
dimension could be derived from the formulae expressing their rela- 
tions to crown-heel length. If, for example, the formula for a given 
dimension is: 
D,=aL—b,, 
and the formula for the second dimension is: 


D,=a2L—bs, 
then 
Pith, Det 


) = 


L 
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D,=4 


— Do. 


Since ai, @2, b:, and b. are known constants, we may reduce these 


expressions to: 
dD, = a’De+b’. 
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In practical work the gratuitous and artifactual errors, and the 
effect of grouping the observations for 5 em intervals of crown-heel 
length, are sufficient to change the constants of these formulae 
somewhat when they are derived by this method, although such con- 
stants may be used for the larger and less variable dimensions with 
some confidence. 

The conclusions regarding growth derived by this method of analy- 
sis may be summarized in two statements: 

First, the growth of the external dimensions of the body in the 
fetal period is directly proportional to the linear growth of the 
body as a whole and that of other external dimensions of the body. 

Second, the absolute growth rate of each external dimension of 
the body, with respect to the absolute linear growth rate of the body 
as a wlrole, is usually established when the fetus is between 3 and 
10 cm in crown-heel length, and remains unchanged to birth. 

It may be of interest to trace the growth of these concepts, for the 
idea of the simple linear relationship of the various external bodily 
dimensions to the body-length in the fetal period of man is not en- 
tirely new. The first indication of its recognition seems to be in a 
short paper on measuring human embryos by Mall in 1907. In 
this contribution he presents a table giving, in millimeters, the 
corresponding lengths of the vertebral column, the sitting-height 
(crown-rump length), and the standing-height (crown-heel length) 
in a series of specimens ranging from 20 to 550 mm in crown-heel 
length. Following the table is this statement: 


It may be seen by looking over this table that the spinal column increases 
7mm. in length, and the standing height 15 1/2 mm., every time the sitting height 
increases 10 mm. in embryos over 20 mm. in length. This continues until the sitting 
height has reached 300 mm. As the foetuses become larger and larger the growth 
of the legs is slightly more marked than before, and during the last month or six 
weeks of pregnancy the standing height increases 20 mm. while the sitting height 
increases 10 mm. The statement may therefore be made for embryos and foetuses 
from the end of the second month to the end of the eighth month, that the spinal 
column increases 7 mm. and the sitting height 10 mm., while the standing height 
increases 15 1/2 mm. This reduced to a formula reads as follows: 


Spinal Column—15 Sitting Height —20__ Standing Height — 23 
i i 10 | 15 


dle 


The figures I have given make it possible to convert the standing height into 
the sitting height, an obstacle which has been difficult to overcome in estimating 
the age of embryos. 
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Using SC for the length of the spinal column, CR for the sitting- 
height (crown-rump length), and CH for the standing-height (crown- 
heel length), Mall’s formula for these relations between 20 and 455 
mm in crown-heel length may be written: 


SC—15 CR—20 CH—23 


7 10 153 
or, 0.143 SC—2.14=0.10 CR—2.00 =0.0645 CH — 1.48, 
or, 0.143 SC =0.0645 CH +0.66, 
or, SC =0.4510 CH +4.62, 
and, 0.10 CR =0.0645 CH +0.52, 
or, CR =0.645 CH+5.2. 


Similarly Mall’s expression for the relationship between the 
sitting-height (crown-rump length) and the standing-height (crown- 
heel length) for fetuses over 300 mm sitting-height or 455 mm 
standing-height may be written: 

CR—300 _CH—455 


) 


10 20 
or, 0.1CR—30=0.05CH —22.75=0.05CH+7.25, 
or, CR=0.5CH+72.5. 


Thus it will be seen that Mall was dealing with the straight line 
relationships between these three values, and that we may reduce 
his expressions to the common algebraic form for straight lines that 
we have given above. 

Mall drew no general conclusions from this discovery, possibly 
because of the cumbersome algebraic form that he used for his 
expressions, nor did he attempt to apply it to other dimensions of 
the body. It is most curious that, while he included a large part of 
this preliminary paper almost verbatim in his final paper, which 
forms the eighth chapter of Keibel and Mall’s Human Embryology, the 
particular section dealing with these numerical relationships was 
entirely omitted. This is the more striking since Mall’s field graphs 
and curves (presumably drawn by inspection) for sitting-height, 
standing-height, and auriculo-rump distance in the fetal period, 
show this straight line relationship very clearly. 

The subject seems to have attracted no further attention until 
one of us (Calkins) began a study in this field in 1919. At the 37th 
session of the American Association of Anatomists in March, 1921, 


GENERAL DISCUSSION 265 


the empirical formulae and curves for the seventy dimensions con- 
sidered in this paper were presented. An abstract of this paper 
that included the following statement was published: 


External bodily dimensions plotted against body length, (being, in general, 
straight lines) are expressed by the empirical formula, Y=aX +b (Y, dimension; 
X, body length; a and b, constants). The constant b is positive for the head, zero 
for the thorax, and negative for the abdomen, pelvis and extremities. 

It may be concluded: (1) The relative growth rates of the external body di- 
mensions are established in the third month and remain unchanged until birth. 
(2) The growth of the external body dimensions in the fetal period follows the 
law of developmental direction. 


In 1922, Calkins published a detailed account with field graphs 
and tabulations of ten dimensions of the head and the sitting-height 
and gave empirical formulae of the straight line type therefor. 
This material is included in the present paper, and was published 
in summary in Papers from the Mayo Foundation for Medical Educa- 
tion and Research and the Medical School, University of Minnesota, 
Volume 2 (for 1921-22, published in 1923). 

In 1922, Noback, also working in this laboratory, developed a 
simple correlation formula for the relation between crown-rump and 
crown-heel length using the material of Mall, MacKeen, Michaelis, 
Taylor, and Weissenberg. Since his formula was intended for ready 
use in the laboratory, he used the expressions: 

3CR-—3 2CH+3 


CH= » or, CR= 
2 3 


These, when reduced to the common algebraic form employed here, 
become: 
Cimisch 1.5, or, OR 2010660 > CH+11 0) 
In the following year Arey published a series of simple formulae 
for the relation between crown-heel length and age, and crown-rump 
length and age. These are: 


CH <0.2=7, and, CR x023 = 7, 
where CH and CR are the crown-heel and crown-rump lengths in 
centimeters and 7’ is the age in months. From these expressions he 


evidently assumed the relation between the crown-heel and crown- 
rump length to be a straight line one that may be written: 


CR=0.666--- CH, and, CH=1.5CR. 


266 GROWTH IN THE FETAL PERIOD 


Arey has also made use of this relation in his more recent (1925) 
paper on this subject. 

In 1924, Akiba published the results of a quantitative investiga- 
tion of nine external dimensions of the body in the fetal period. 
The dimensions studied were the standing-height or crown-heel 
length (CH); the sitting-height or crown-rump length (CR); the 
distance from the eye to the occiput (AO); the length of the upper 
extremity (OE); the length of the lower extremity (UE); the length 
of the arm (OA); the length of the forearm (VA); the length of the 
thigh (OS); and the length of the leg (US). He found that the 
relations of these dimensions to the crown-rump length might be 
represented by straight lines for which he published formulae using 
the form of expression employed by Noback. His original formulae, 
together with their reduction to the common algebraic form employed 
in this paper and their computation in terms of the crown-heel 
(CH) length are as follows: 


CR=3/5 CH+1=0.6 CH+1.0, CH =5/3 (CR—1) =1.666 - -- CR—1.666 - - - 
OE =25/37(CR—1) =0.676 CR—0.676, or, CR=37/25 OF +1=1.48 OE+1. 
OA =3/11(CR—1) =0.273 CR—0.273, or, CR=11/3 OA+1=3.667A +1. 
VA =5/21(CR—1) =0.288 CR—0.238, or, CR=21/5 VA+1=4.2 VA+1. 
UE =11/16(CR—2) =0.688 CR—1.375, or, CR=16/11 UE+2=1.45 UE+2. 
OS =4/11(CR—2) =0.364 CR—0.727, or, CR=11/4 OS +2 =2.75 OS+2. 

US =1/3(CR—2) =0.333 - - - CR—0.667, or, CR=3 US+2. 

AO =4/11(CR) =0.364 CR, or, CR=11/4 AO =2.75 AO, or, 

OE =0.405 CH, OA =0.164 CH, VA =0.143 CH, UE =0.413 CH —0.688. 

OS =0.218 CH —0.364, US =0.2 CH —0.333, AO =0.218 CH 40.364. 


A summary of formulae for forty of the more important external 
dimensions of the body as determined by graphic methods, the 
method of averages, and the method of least squares, the residuals 
by these methods, and a résumé of conclusions derived from them, 
were published by the present writers in 1925. 

These linear relationships of bodily dimensions to the total body- 
length and to each other are not confined to the exterior of the body 
alone. They have been found to be characteristic of certain dimen- 
sions of the central nervous system (Dunn ’21, ’26); the cornea and 
the optic nerve (Secammon and Armstrong ’22, ’25); the mandible 
(Scammon and Ganz ’22); the majority of the dimensions of the res- 
piratory system (Noback ’23, ’25); certain measurements of the 
nasal apparatus (Knapp ’21); the vertebral column as a whole and 
its various segments (Calkins and Scammon ’27); the individual 
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vertebra (Calkins ’23); certain parts of the digestive tube (Secammon 
and Kittelson ’27); the dimensions of the pituitary body (Covell 
27); the length of the uterus in its earlier fetal development (Scam- 
mon ’25); and certain long bones (Hesdorffer and Scammon ’28). 
Studies in progress in this laboratory at the present time indicate 
that this relationship holds true for a large number, although not 
all, of the linear dimensions of other internal portions of the body. 

It may, therefore, be stated in conclusion that the rectilinear re- 
lationships of growth in the various external and internal parts of 
the body in the fetal period have been studied quantitatively by 
some twelve investigators and have been found to hold true for over 
one hundred and fifty different dimensions. 


II. The Application of the Present Findings to the ‘“‘Law of 
Developmental Direction” 


A second point of general interest is the bearing that these studies 
have upon the “law of developmental direction” in prenatal life. 

It has long been recognized that the development of the verte- 
brate embryo tends, in general, to proceed from the cephalic to the 
caudal pole of the body-stem, from the proximal to the distal seg- 
ments of the extremities, and, possibly, from the dorsal to the ventral 
surfaces or regions of the body. This sequence of developmental 
processes has been variously termed the “law of craniocaudal develop- 
ment,” the “law of cephalocaudal development,’ and the “‘law of 
developmental direction.”” The last term is perhaps the preferable 
one for it is the most inclusive. 

The “aw” has been defined by Jackson and Scammon as follows: 


While each part [of the body] passes through its own cycle of changes these 
changes as a whole tend to follow what is known as the law of developmental direc- 
tion; for it is generally found that development (including growth and differentia- 
tion), in the long axis of the body, appears first in the head region of the body and 
progresses toward the tail region and similarly development in the transverse 
plane begins in the mid-dorsal region and progresses lateroventrally (in the limbs 
proximodistally). 


The general features of this “law’’ have been known to embryolo- 
gists for many years; in fact, as Jackson has pointed out, there is at 
least a suggestion of it in the sixth book of Aristotle’s De Animalia, 
and a passage in the second book (chapter three, paragraph six) 
gives a still clearer indication of Aristotle’s appreciation of it. 
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The phenomena that represent this “law’’ have been the subject 
of active discussion the past few years, particularly because of their 
interpretation in the light of the gradient theory of Child. In this 
connection one may call attention to the papers of Kingsbury (24, 
’26) and of Child (’25) on the more general phases of the subject, and 
the experimental studies of Bellamy (719) and Hyman (21, ’26, ’27). 

Although the general process is well known, no attempt seems to 
have been made to study it by the quantitative method. The present 
material furnishes data that may be used for this purpose. 

It has been seen that the formulae for the great majority of the 
external dimensions of the body fall in three groups. First, those in 
which the second or the 6 constant is a positive one, second, those in 
which it is zero, and third, those in which it is negative. If these 
formulae for the various regions are examined in detail, it 1s found 
that of the 72 empirical expressions for the dimensions of the 
head and neck 69 have positive 6 constants. The exceptions 
consist of the bi-malar diameter, or distance, as determined by the 
method of least squares and the method of averages and the orbito- 
auricular distance as determined by the graphic method. Thus, in 
practically every instance, the dimensions of the cranial parts of the 
body show positive second or 6 constants indicating that they have 
made more growth with respect to body-length in the embryonic 
period than they do in any equal later period. 

When the 79 empirical formulae for the dimensions of the trunk 
are examined, it is found that nearly two-thirds have positive 6 
constants, nearly one-third have negative b constants, and the re- 
mainder have zero secondary constants. These formulae for the 
dimensions of the thorax or upper part of the trunk have either 
positive or zero 6 constants, whereas those involving the lower 
portion of the trunk have negative b constants in every instance. 
Thus the dimensions of the trunk show a graduation, those of the 
upper part have grown more with respect to body-length in the em- 
bryonic period than in the fetal period and therefore undergo a de- 
crease in relative size in the latter; those in the middle portion have 
grown at approximately the same rate with respect to total body- 
length in both periods and maintain a constant ratio to the total body- 
length; while those of the lower portion have grown less with respect 
to total body-length in the embryonic period than in the fetal period 
and gain in size relative to body-length in the latter epoch of pre- 
natal life. 
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The empirical formulae for the external dimensions of the pelvis 
all show negative b constants with the exception of that of the 
bi-tuberous distance, which has a zero b constant as determined by. 
the graphic method. Thus the dimensions of the pelvis have grown 
less in the embryonic period than they do in an equal interval of 
length increase in the fetal period. 

The dimensions of the extremities are represented by 48 formulae, 
only two of which have positive b constants (length of arm by the 
method of averages and the method of least squares). Furthermore, 
there is a distinct, although not invariable, tendency for the negative 
b constants to increase in absolute size as we follow the successive 
segments of the limbs proximo-distally. 

While the examination with respect to sign of the b constants 
in these rectilinear formulae enables us to make a general classifica- 
tion of the dimensions of the body with respect to amounts of growth, 
their detailed classification is followed much more easily by the use 
of length-interval ratios. These ratios are made by comparing the 
amount of the dimensional growth of any part of the body for given 
and successive equal intervals of increase in crown-heel length. Any 
pair of consecutive and equal intervals of which the first takes origin 
at zero body-length might be employed for this ratio. But it is con- 
venient to use as the first interval that from 0 to 5 em crown-heel 
length, and for the second, that from 5 to 10 em crown-heel length. 
In other words, a ratio may be established between the amount of 
erowth taking place in a given dimension during the interval in which 
the embryo grows to a total length of 5 em with the amount of growth 
that takes place in this dimension during the interval in which the 
embryo or fetus makes its second increment of 5 cm, or, while it in- 
creases from 5 to 10 em in total or crown-hee! length. 

Obviously this ratio will be unity for the crown-heel length, for 
the relationship is: 

5:(10—5) =5:5=1. 

In the case of all other dimensions the absolute amount of growth 

attained at 5 cm will be: 


aL+b or a5+b, 


and the absolute amount of growth occurring in the second interval 


will be: 
(a10+b) —(a5+b) =a5. 
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The ratio between the two, therefore, is: 


Evidently, if the absolute amount of growth of a dimension in the 
first 5 em interval of crown-heel length is greater than that in the 
second, the ratio will be more than unity, while if the absolute amount 
of growth is greater in the second interval than in the first, the ratio 
will be less than unity. 

Some of these ratios that have been determined for a number of 
series of external dimensions of the body may be examined. The 
first series deals with major dimensions in the longitudinal axis of 
the body-stem and with the extremities as a whole. The length- 
interval ratio for the distance from the crown to nasion is 1.91; that 
for the distance from crown to chin is 1.59; that from crown to ster- 
nal notch, 1.34; that for crown to umbilicus, 1.26; that from crown 
to rump, 1.14; and that from crown to heel, 1.00. The ratio for the 
total length of the upper extremity is 0.83 and for the total length 
of the lower extremity, 0.66. It will be seen that there is a successive de- 
creasein the size of the length-interval ratio proceeding from the cranial 
to the caudal pole of the body and extending to the extremities. In 
other words, the more the caudal portion of the body is included in the 
dimension, the smaller is the ratio, or those portions of the body 
that are more cranially or proximally placed make a larger amount 
of growth in the first 5 cm interval of body-length increase than they 
do in the second or any succeeding equal body-length interval. 

A second series of length-interval ratios shows these changes in 
the circumferences of the head and trunk. They are as follows: 
horizontal head circumference, 1.40; circumference of the neck, 1.24; 
circumference of the chest at the level of the nipples, 1.06; cireum- 
ference at the level of the tenth rib, 1.08; and circumference of the 
abdomen at the umbilicus, 0.80. Here again it will be seen that the 
length-interval ratios of the girths decline as they pass from the cran- 
ial to the caudal pole of the body. However, the series is not entirely 
consistent, for the circumference of the chest at the nipples shows a 
smaller length-interval ratio than do the circumferences at the tenth 
rib, or the xiphi-sternal junction. This discrepancy may be due to 
the changes in chest form which occur within a slight degree of res- 
piration and which are apt to produce artifacts in all chest girths. 
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The length-interval ratios of the various linear dimensions of the 
upper extremity are: length of arm, 1.04; of forearm, 0.92; of hand, 
0.39; and of middle finger, 0.25. The corresponding ratios for the lower 
extremity are: length of thigh, 0.82; of leg, 0.66; and of foot, 0.23. 
It will be seen that these ratios undergo a consistent reduction from 
the proximal to the distal portions of the limbs. 

We think that these data offer adequate quantitative proof of 
the common presence of the sequence known as the “law of develop- 
mental direction,” in the prenatal period of human development. 


III. Dimensional Growth with Respect to Age in the Fetal Period 


The conclusions drawn in this study are based mainly on the 
relations observed between the various external dimensions of the 
body and particularly on the relationship that each dimension 
bears to the total or crown-heel length. It is also of interest to attempt 
some analysis of the growth of these dimensions with respect to time 
in the fetal period. While the results of such analysis must be re- 
garded as tentative because of the uncertainty of our data on fetal 
age, a Summary of the present status of the subject is desirable, and 
it is probable that certain general conclusions may be drawn that 
wall remain valid. 

If the various sets of modern data on fetal age and body-length in 
prenatal life, such as those of Heuser (712), Mall (10), Reicher (28), 
Streeter (20), and Zangemeister (’11), and the values of the combina- 
tion tables of Lange (’08), and Ylpp6 (19), are plotted with age as 
abscissa and body-length as ordinate, they appear, in the great 
majority of instances, as asymmetric sigmoid curves. 

These curves indicate a slow absolute rate of linear growth in 
the early embryonic period, followed by a rapid increment in the 
middle third of prenatal life, and thereafter by a slow decline in 
growth rate to birth. The sigmoid curve of prenatal lineal growth 
has been recognized. It is suggested at least by the first published 
graph of prenatal linear growth (by Toldt in 1879), and typical 
representations of it may be found in the publications of Mall (’10), 
Meyer (14, 715), Stratz (09), Thompson (17), Zangemeister (711), 
and a number of other investigators. Curves having the same general 
form have also been developed for the ponderal growth of the body 
in prenatal life and infancy. 

This type of curve is not peculiar to human growth. It has been 
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found to be characteristic of the linear and ponderal growth with 
respect to time of many of the lower animals, the linear growth of 
some plants, and it is, in fact, typical of many forms of organic 
increment besides the growth of individuals. 

We are probably justified in assuming that some curve of this 
general type will eventually be found to be an adequate one for 
expressing the phenomenon of the prenatal linear growth of the human 
body, and that its analytic expression, when sufficient data are availa- 
ble, may be made along the lines recently developed by Pearl and 
Reed (’25) for asymmetric curves of this nature. In the meantime, 
since our data on the linear growth of the body in the early part 
of prenatal life are not entirely satisfactory either in quantity or qual- 
ity, it is probably sufficient to develop empirical formulae that will 
serve as conventions for the latter or wpper segment of the progres- 
sion involving the relation between age and body-length in the fetal 
period proper, with which we are particularly concerned.* 

A number of attempts have been made to develop such expressions. 
For convenience in discussion these may be arranged in three groups: 
the simple rectilinear formulae, the phased formulae, and the simple 
curvilinear formulae. 

It seems to have been a common opinion among the earlier em- 
bryologists and obstetricians that the relation between the body- 
length of the fetus and its age was a simple rectilinear one. The 
earliest quantitative expression of this relation that we have en- 
countered is that of Caspar (’54), who laid down the rule that the 
age of the fetus in lunar months equals one-fifth of the length in 


centimeters, or: : 
T=0.2L, L=5T, 


where 7 is the age in lunar months and L is the body-length in 
centimeters.t 


* Since the above was written, a ‘‘semirational’’ formula for the linear growth 
of the body with respect to time in prenatal life has been presented by Scammon, 
Dunn, and Ness (’29). This expression is based upon the saturation curve, a 
form of curve resulting from the generalization of the logistic, developed by Reed 
(25). The values for the fetal period proper given by this ‘‘semirational’’ formula 
are not significantly different from those obtained from the empirical formula of 
Scammon and Calkins (’23) used in the present study. 

+ Quetelet, in 1836, noted that his empirical expression for the linear growth 
of the body between birth and maturity also held for the latter part of prenatal 
life, but he made no attempt to develop a specific formula for the fetal period. 
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Boulton (76) found that the length of the fetus at twelve weeks 
is 3 inches and that there is a gain of 2.5 inches in length for every 
four-week period thereafter to birth. This is equivalent to: 


L=2.5 (T—8)+3, or, L=2.5T—4.5, or, T=0.4L41.8, 


where L is the total body-length in inches and T is the age in lunar 
months. In the metric system this becomes: 


L’ =6.25T — 11.25, or, T=0.16L’+1.8, 


where L’ is the total body-length in centimeters. 

Roberts (06) and Tuttle (08) also have assumed a simple recti- 
linear relationship between age and body-length for the latter part 
of the fetal period, but their opinions seem to be based on ‘‘Hasse’s 
rule.” 

A second class of expressions includes those that attempt to fit 
the fetal growth curve by splitting it into segments and devising a 
special formula for each segment. The first of these is the well 
known ‘‘Hasse’s rule’? (Hasse ’77) by which the prenatal period is 
divided at five lunar months or 25 em total body-length. The lower 
or earlier segment is represented by the expression: 


HD oN Tar lay ee 


The upper or latter segment is represented by a straight line: 
T=0.2L, or, L=5T. 


In these expressions 7’ is the age in lunar months and L the total 
body-length in centimeters. 

Another set of formulae of the phased type has been recently 
proposed by Arey (23, ’25), who employs rectilinear expressions 
phased at 10 em crown-heel length and three lunar months. His 
published expressions are: 


Standing height (em.)x0.2=age (months) 

Sitting height (cm.) X0.8 =age (months) 

(For embryos less than 10 em. add one month.) 
Age (months) +0.2=standing height (cm.) 

Age (months) +0.3 =sitting height (cm.) 

(For embryos of first three months, subtract 4 cm.) 
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The first two, when reduced to the common form employed here, 
are: 
T=0.2CH+1=0.3CR+1. 
(For embryos less than 10 em in length.) 
T=O0;2CH=03C Rh. 


(For embryos of 10 em and over in length.) 
The literal analytical translations for the latter two statements (for 
embryos of the first three months) are: 


li fi 
CH =———4, and, CR=———4. 
OF2 0.3 


The simplification of these forms to a more direct equivalent state- 
ment becomes: 


OH=5T—4, and, CR=3.38--- T—4, 


The analytic expressions of the author’s published statement of the 
relationships for three lunar months and thereafter are: 


CH=5T and, CR=3.33 -+-T. 


In these expressions CH is the crown-heel length in centimeters and 
CR the crown-rump length in centimeters. 

The curvilinear formulae are more numerous. The first part of 
Hasse’s rule really belongs in this class since it postulates that dur- 
ing the first half of pregnancy the square root of the body-length is 
equal to the age in lunar months. This relationship was restated, 
apparently independently, by Delabost in 1878. This author thought 
the rule could be applied for the first six months of prenatal life. 

Henry and Bastien (’04) developed two rather complicated 
expressions for this relationship. The first, for age and length in the 
first three months of gestation, is: 


21?—L(135—18T) +807? =0, 
where ZL is the total body-length in centimeters and T is the age in 


solar months from conception. This, when put in the general form 
used in this discussion, becomes: 


L=(83.75—4.5T) —0.25v/1 , 8225 —4 , 8607 — 3167. 


The second, for the age-length relationship from three months 
gestation to birth, is: 


6087? —80TL+L?+4 ,800T —110L+3,000=0, 
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where L is the total body-length in centimeters and 7 is the time in 
years from birth. This expression, when converted to the general 
form used in this account, is: 


L=(40T +55) —0.5\/3,968T?—1,6007+100, 


or, T=(0.0658L—3.9474) +0.00081/3, 968L?— 500 ,480L+15,744,000. 


Scammon (’21), in the course of a study of the growth of pre- 
mature infants, used the formula: 


L=8.9(T—1)—0.27(T—1)?—6.5, 


or, L=9.447—0.27T?—15.67, 


or, T =17.48—1.85+/72.19—1.08L, 


where L is the total body-length in centimeters and T is the age in 
fetal or lunar months. This formula is an approximation for the 
body-length in the fetal period and early infancy in terms of co- 
habitation age. It is based upon the data of Mall (’10) and upon a 
large number of observations on the growth of infants in the first 
six months of postnatal life. 

In 1923 the present writers published a series of empirical formulae 
for the relation of age to body-length from three fetal months to 
birth. The method of obtaining these expressions is described in 
Part I of this paper. In our original publication we presented the 
following expressions: 

24 yb Abe 


IL, 2 
T=2.3+ a =( +1.25) 40.74 
28 784 28 


L=28\/T —0.74—35, 


where T is the age in lunar months (of 28 days) computed from the 
first day of the last menstruation and L is the total or crown-heel 
length in centimeters. Since Mall’s data indicate that the ‘‘cohabita- 
tion age” is ten days less, on the average, than the ‘“‘menstrual age”’ 
as defined, the above formulae, when time is measured in “cohabita- 
tion age,’ become: 


SL L? 
298 784 _— 


2 L 2 
T=1.94+ (<.+1.25) +0208. 
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We also developed simpler but less precise expressions for ready use, 


V1Z.: 
IG 2 
T= (+ 1 49) 
30 


L=30\/T—44.7. 


In these T is “menstrual age’”’ and L is body-length. In a more 
recent publication (Scammon and Calkins, ’24) we have suggested 
another similar expression for determining menstrual age from length: 


T =2.134+0.1L-+0.0011L?. 


This does not fit the observed values quite as precisely as our 
original one, but it has an advantage for certain types of work since 
it holds good for the greater part of the third prenatal month as well 
as for the fetal period proper. 

In this study we have made use of our formula of 1923, 


for computing the approximate menstrual age of the material. Since 
the great majority of the external dimensions of the body bear a 
rectilinear relationship to the total body-length (CH) we may 
approximate their growth with respect to time by substitution in 
the above formula. The crown-rump (CR) length of the body may 
be taken as an example to illustrate this process. 


CR =0.66 CH +0.5 (cm), CH oe, 


2. 2 
5 CH , (CH) 


and 97 BS ‘ 
28 784 


2.5 


CR—0.5 Gaal 
0.66 : 

i 0.66 
28 784 


Therefore, T=2.38+ 


3.79 CR—1.894 , (CR)?—1.0 CR+0.25 
fe 
28 342 


2034 ot +(e 
7.56 18.49 


=2.3+ 
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In practice it is, of course, much simpler to use the computed total 
body-length at any desired age and to compute the calculated value 
of any dimension in question. The various tables and graphs that 
deal with the relations of the several dimensions of the body to age 
in the fetal period have been computed by this method. 

In general these computations indicate that all of the dimensions 
of the body (with the exception of the few affected by postural arti- 
facts and which are phased in connection with body-length) show 
a rapid increase in early fetal life and a steady decline in growth rate 
thereafter. This decline is more pronounced for the dimensions of the 
head and neck than for those of the trunk, and is greater for the 
dimensions of the trunk than for those of the pelvis and the extremi- 
ties. 

The validity of all these measures of dimensions with respect to 
time, therefore, rests on the reliability, first, of the formulae for the 
relation of the dimension of the part to the total length of the body 
and, second, on the reliability of the formula used for approximating 
the relation of total body-length to time or age. Measures of the 
reliability of the expressions for the first relationship are given in 
the various test tables of this study. The reliability of the expression 
for the total length-age relation is indicated in table 9 of Part I 
of this monograph. The deviations of the calculated values from the 
observed values of Mall, to which the fit was made, are quite small. 
Future research may produce more accurate data for this relation- 
ship. In that case the conclusions given here may require some 
modification. 


IV. Variability of the External Dimensions of the Body 
in the Fetal Period 

Our consideration of the variabilities of the external dimensions 
of the body has been limited to their pictorial representation in field 
graphs, to a measure of the deviations of all of the observations of 
certain selected dimensions from their regression lines, and to state- 
ments regarding the maximum, and minimum values for each 5 cm 
interval of body-length. The last are of comparatively little sig- 
nificance. 

The reasons for omitting a more detailed presentation of the vari- 
ability of the material by 5 cm intervals of body-length or by lunar 
months are several. The data under consideration do not represent 
measurements of static objects but of growing ones. They therefore 
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form progressions with respect to age or time. They may also be 
arranged in progressions with respect to one another, for example, 
to the total body-length, as has been done in this study. If the ob- 
servations of the dimensions are so arranged, the progression thus 
formed may be split into any number of intervals or segments, and 
the means and deviations of the individual cases from these means 
may be ascertained. The resulting figures will represent the variation 
in the data as set down on paper, but they will not be measures of 
the “true” or “gratuitous” variation of the material, for they are 
the sums of two main factors; first, the variation in the size of the 
dimensions due to their relation to body-length; and, second, the 
“true” variability. While the progression factor in the measures of 
variability may be diminished by reducing the size of the segment 
or interval of the progression, this (in any limited series of cases) 
also reduces the number of observations in the segment, and the 
measure becomes increasingly unreliable. Obviously, if all the speci- 
mens in a given interval or panel were of the same body-length, the 
variability could be easily determined. But, in fact, in appreciable 
intervals of body-length the observations are irregularly scattered 
from the upper to the lower limits of the panel. Therefore, the figures 
for variability given by this method may represent one’s fortune in 
obtaining material falling in any given panel as much or more than 
the ‘‘true”’ variability of this material. 

If the variation is computed for intervals of time rather than 
intervals of body-length, the unreliability of the measure is increased, 
first, because computations of age are frequently based on either 
body-length or upon criteria that are still less certain, and, second, 
because of the differences in the amount of growth occurring in equal 
time intervals in the fetal period. 

These strictures hold true for the measurement of the variability 
of ratios as well as of absolute dimensions, if these ratios show a 
definite trend or progression. 

In practice, it is possible to correct the measures of the variation 
for the progression factor, if certain assumptions are made regarding 
the distribution. The correction, for example, becomes very simple 
on the assumptions that the distribution of observations is uniform 
with respect to the axis of the independent variable, that it is normal 
at any point on the trend, and that the trend may be represented 
by a straight line within the panel or interval. But these assumptions, 
with the exception of the last one, do not hold true for our material, 
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and it is difficult to form an estimate of the factors involved in the 
approximation. 

We think a better attack on the problem is by the consideration of 
variability of the whole of the material of the progression about a 
defined central tendency. The logical basis is more definite than that 
underlying the concept of variability in panels or segments of the 
progression, for this concept is obscured by the difficulty in defining 
‘the true or theoretical trend”’ in the several segments. If one accepts 
the view that a “trend” cannot exist irrespective of some set of data 
(which eanms that it is subject to arbitrariness in definition and is 
influenced by the variability of the material), a theoretical, or ‘‘true,”’ 
trend may be defined with respect to these data. The variability of 
the individual observations about it is, therefore, the “true” vari- 
ability of the material, this variability also being subject to definition. 
The practical advantage of this approach lies in the fact that the 
approximations are included in the definitions, and there is no need 
of making further assumptions that may be contrary to fact. 

We have adopted the regression line as the “true trend,’ and 
defined the variability as the root mean square deviation of the 
individual observations about this line. As samples we chose from the 
70 dimensions under consideration the 6 showing the most scatter 
on field graphs and the 6 showing the least, and calculated their 
variability as defined above. The computations were subject to ap- 
proximations justified by the experimental error involved in taking 
the measurements. The absolute values of the results were all small, 
ranging from 0.31 to 1.14 em. These are shown in detail in tables 166 
and 167 of this monograph. A calculation of this measure for all the 
dimensions studied would hardly justify the labor involved. In the 
first place the magnitudes of the various dimensions are so different 
that no precise measure of their relative variability can be calculated. 
And, second, a simple interpretation of the results is impossible 
because of the complications introduced by the artifacts that affect 
the upper parts of the progressions of the more variable measure- 
ments. 


V. Sex Differences in External Bodily Dimensions 
in the Fetal Period 


No detailed study was made of possible sex differences in these 
data. However, the observations were all originally grouped accord- 
ing to sex, and the sex distinction was kept in all of the field graphs 
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made in the course of the investigation. These are shown in the 
concluding section of this monograph. The inspection of these graphs 
gives no indication of any constant sex difference in the various 
dimensions that have been measured. This conclusion is in agree- 
ment with that of Schultz (22, ’23, ’26) and of Reicher (’23), and 
opposed to that of Hamy (’80). 

However, it should be made clear that this opinion is based upon 
inspection only, and that a real statistical test of this conclusion in 
the form of the determination of the probable errors of the differ- 
ences of the means for males and females is quite impossible because 
of the nature of the distribution of the material. Furthermore, the 
classification of the material is based upon the total body-length or 
upon a convention for age as determined from the body-length. 

If thoroughly reliable histories were available for all specimens, 
so that the material could be studied in connection with age or 
time, it is possible that differences masked in a classification based 
on stature alone would appear. Sex differences in the time of osst- 
fication of certain parts of the skeleton in prenatal life have been 
noted (Adair and Scammon ’21, and Pryor ’22, ’23), and the presence 
of these differences, with respect to time, in the various external 
bodily dimensions measured from skeletal landmarks is quite possible, 
although we have not been able to distinguish them. 
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GENERAL SUMMARY 
I. Outline of Material and Methods 


A quantitative study has been made of 71 external dimensions 
of the human body in the fetal period (from approximately three 
fetal or lunar months to birth). Each dimension has been measured 
(on the average) on over 300 specimens, ranging from approximately 
2 cm to 55 cm in total or crown-heel length. This represents some 
25,000 quantitative observations. Approximately 10,000 additional 
measurements were made in connection with the study of effects 
of artifacts on the material. 

Only Caucasian material was used. The racial origins were quite 
varied but were largely northern European. 

It was found that the external dimensions of the body, in material 
of the type used in this and similar studies, are considerably modified 
by artifacts. Of these, the chief are: first, those produced by the 
effects of birth on the size and form of the head; second, those due 
to changes in the dimensions of the chest concomitant with partial 
or complete establishment of respiration; and, third, the effects of 
formalin preservation, and formalin injection and preservation on the 
material. 

These artifacts have been measured and studied quantitatively; 
the first two by observations on living, newborn infants, and 
the last by repeated measurements of fresh and preserved specimens. 
Correction factors for most of these artifacts have been developed 
from these studies. 

The reliability of measures of stature in the fetal period has been 
determined experimentally and statistically, and the crown-heel or 
total body-length has been found a more satisfactory measure than 
the crown-rump length or sitting-height. 

The data have been represented graphically by field graphs and 
curves of central tendency for each dimension studied. 

The observations on each dimension have been summarized in the 
form of tables for 5 cm intervals of crown-heel length. These include 
the mean crown-heel length, the mean crown-rump length, and the 
mean, minimum, and maximum measurements of the dimension 
under consideration. 
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The central tendency of each dimension, with respect to total 
body-length, has been expressed analytically by empirical formulae, 
the constants of which were determined by graphic methods, by the 
method of means or averages, and by the method of least squares. 
Tests of the results of these various methods of curve fitting are 
given in tables 164 and 165. 

These analytic expressions have been determined from the means 
of each dimension for 5 em intervals of total or crown-heel length. 
The precision of this method, as compared to that obtained by use 
of the regression line, has been tested by use of a “deviation ratio.” 
The differences, which are not great, are shown and discussed in 
Part I of this monograph. 

The relations between the magnitude of the various external bodily 
dimensions and age or time in the fetal period have been represented 
by curves and figures based upon an analytic convention expressing 
the relation of total body-length to fetal age. This expression has 
been developed from the observations of Mall (10) after a careful 
comparison of over 20 sets of data on this subject. The accuracy of 
this formula and its comparison with previous length-age formulae 
are discussed in Parts I and IX of this monograph. 

Secondary computations have been made for each dimension. 
They show the calculated values at each 5 cm interval of body- 
length; the amount of absolute and relative gain in each 5 cm interval; 
the differences between computed and observed values; the cal- 
culated value at each 5 cm interval expressed as a percentage of the 
computed newborn value; the relative size (with respect to body- 
length) at each 5 cm interval of body-length and at each lunar month; 
the calculated value at each lunar month; and the amount of absolute 
and relative gain in each fetal or lunar month. 

A series of approximate values have been computed from the 
calculated figures for a series of some 50 anthropometric indices of 
various parts of the body. These are given and discussed in the 
summaries of the subsections in Parts III to VIII, inclusive, of this 
monograph. 

An expression, termed the “‘ength-interval ratio,’ has been de- 
veloped for measuring the relative amount of growth with respect 
to body-length, and applied to the study of the “law of developmental 
direction” in the fetal period. This is discussed in Part IX of this 
monograph. 

A series of drawings representing the “‘predicted”’ external form 
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of the fetus at each 5 cm interval of body-length and each fetal month, 
have been drawn up from the preceding computations and form 
figures 70, 71, 72, and 73 of this publication. 


II. Analysis of the Literature 


The available published quantitative data on the general growth 
of the external dimensions of the human fetus and their sizes in the 
newborn have been collated and abstracted. This summary (which 
forms Part II of the present study) gives an index to the published 
material of some 90 observers. It is estimated that this material 
includes, in detail or in summary, over 160,000 observations upon 
more than 100 external dimensions of the body. 

The available published material on fetal growth, with respect to 
body-length, of the external dimensions of the body that are con- 
sidered in this study has been tabulated and is summarized in tables 
168 to 180, inclusive, of this publication. One hundred and seventy- 
five sets of data of this kind were located. They deal with 41 ex- 
ternal bodily dimensions and include over 16,000 observations. 

The results of previous observers, when given in a form comparable 
with that used in this study, have been shown graphically in a series 
of 145 curves included in Parts III to VIII, inclusive, of this publi- 
cation. 

A large number (we think all) of the empirical formulae for the 
relation between the total body-length and age or time in the fetal 
period proper have been collated and analyzed (Part IX, Section III). 


III. General Conclusions 


The increases in the various external dimensions of the body in 
the fetal period bear a rectilinear relationship to body-length. The 
relation of these dimensions may therefore be expressed as: 


D=aL-+b, 


where D is the dimension, a is a constant in the form of a decimal 
fraction, L is the total or crown-heel length of the body, and 6 is a 
second constant, that may be positive, negative, or zero. (The only 
exceptions to this statement are certain measurements along the 
ventral median line of the body that seem to be affected by fetal 
posture. ) 

This relationship indicates that the increase of the various external 
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dimensions is constantly directly proportional to the increase in 
body-length in the fetal period. 

The formulae for the dimensions of the head, neck, and upper 
portion of the chest and also of major dimensions involving the head 
are characterized by positive b constants. Therefore, these dimensions 
are relatively larger in the early part of the fetal period than at its 
close, and have made a greater amount of growth with respect to 
body-length in the embryonic period than they do in equal later 
intervals of body-length. 

Some dimensions of the upper part of the trunk have zero or 
approximately zero 6 constants. These dimensions show no change 
in relative size in the fetal period. 

The formulae for the dimensions of the lower part of the trunk, the 
pelvis, and the upper and lower extremities are characterized by 
negative b constants. These dimensions have undergone less increase 
in size in the embryonic period than they do in any corresponding 
interval of increase in crown-heel length in the fetal period. They 
show an increase in relative size in the fetal period. 

These relationships illustrate the existence by regions of the se- 
quence known as the “law of developmental direction.”’ 

Further study of the various formulae with the use of the “‘length- 
interval ratio” indicates that this sequence holds true not only for 
the several regions of the body but also for the dimensions of each 
region of the body. 

The growth in total body-length with respect to time or age in the 
fetal period, as defined by the convention adopted for this study, 
is represented by the parabola: 


aca ER 2.5L 
L=28\V/ T—0.74—35, or, T=2.3+——_+—, 


where L is the total or crown-heel length of the body in centimeters 
and T is the age in fetal or lunar months. This formula does not 
hold good below three lunar months. 

According to this expression the body-length shows a rapid increase 
in the beginning fetal period and a steady decline in growth rate 
thereafter. 

The various external dimensions of the body, when related to age 
or time by substitution for body-length in the above formula, follow 
the same general course of growth as the total body-length. 
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When computed with respect to age, the dimensions of the head, 

neck, and upper part of the trunk show a more marked decline in 
growth rate in the fetal period than do those of the lower part of the 
trunk, the pelvis, and the extremities. 
. No detailed analysis of variability in fetal measurements was made 
in this study. However, this variability is shown graphically in the 
field graphs and a measure of the deviations of the individual observa- 
tions about the line of central tendency has been computed for a 
representative sample of the dimensions and included in tables 166 
and 167. 

No sex differences in the various external dimensions of the body: 
were demonstrated in this study. 


IV. Digest of Findings Regarding the Special Regions 
of the Body 


1. The Major External Dimensions 


The growth of the major external dimensions (exclusive of the 
total or crown-heel length) was studied on the basis of measurements 
of crown-rump length (sitting-height), spine length, distance from 
crown to umbilicus, and distance from crown to sternal notch. 

The first three of these dimensions appear as straight lines when 
plotted against the total or crown-heel body-length. The distance 
from crown to sternal notch is better represented by two straight 
lines phased at 30 em crown-heel length. 

Empirical formulae for these relationships have been developed 
by graphic methods, the method of averages, and the method of least 
squares. All the formulae thus developed may be represented by 
the general expression: 


MD =aLl+b, 


where MD is any one of the major dimensions measured, L is the 
total or crown-heel body-length, a is a positive constant less than 
unity, and b is a second and positive constant. 

The presence of positive b constants indicates that all the dimen- 
sions of the group undergo a reduction in relative size in the fetal 
period. The crown-rump length or sitting-height forms about three- 
fifths of the body-length at three fetal months and about two-thirds 
at birth. The distance from crown to umbilicus forms about three- 
fourths of the body-length at three fetal months and but a little over 
one-half at birth. The distance from crown to sternal notch forms 
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somewhat more than one-third of the body-length at three fetal 
months and somewhat over one-fourth at birth. The spine length 
also shows a slight relative decrease in this period. 

The total or crown-heel body-length increases a little over seven- 
fold between three fetal months and birth; the increments of the 
major dimensions in this period range from a little less than sevenfold 
to somewhat less than sixfold. 

The bi-phased character of the expression for the relation of the 
distance from crown to umbilicus to the total body-length is probably 
not indicative of a change in the course of growth of this dimension 
but represents the effect of postural and other artifacts upon these 
data. 

2. The Head and Neck 


The growth of the head and neck in the fetal period has been 
studied by means of measurements of 22 external dimensions of this 
region. Of these 14 were linear and 8 were circumferential or peri- 
metric dimensions. ; 

All of these dimensions show a rectilinear distribution with respect 
to the total or crown-heel length. 

Empirical formulae for these distributions have been developed 
by graphic methods, the method of averages, and the method of 
least squares. Of the 66 formulae thus developed (1 for each of the 
22 dimensions by each of the 3 methods) 63 are characterized by 
positive secondary or 6 constants. The three exceptions are the 
formulae for the bi-malar diameter or distance as determined by the 
method of averages and by the method of least squares, and the 
expression for the orbito-auricular distance as determined by graphic 
methods. With the preceding exceptions the formulae for the relation- 
ship of external dimensions of the head to the total body-length are: 


HD =aL+b, 


where HD is any external head dimension, L is the total body-length, 
ais a positive constant less than unity, and 6 is a second and positive 
constant. 

The above findings indicate that, as a whole, the amount of growth 
of the external dimensions of the head is directly proportional to that 
of the crown-heel body-length in the fetal period but that these dimen- 
sions become relatively smaller (although absolutely greater) in this 
period. 
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The total head and face height forms nearly one-third of the total 
body-length at three fetal months, about one-quarter at six months, 
and a little less than one-quarter at birth. 

The height of the cranial part of the head (from external auditory 
meatus to vertex) forms a little more than one-fifth of the total 
body-length at three fetal months and somewhat less than one-fifth 
at birth. 

The computed head moduli all undergo a decrease in relative size 
in the fetal period: 

All of our computed values indicate a slight increase in the cephalic 
index in the fetal period, but the individual variations in this index 
make us doubt if this finding is significant. 

All of our computed indices show that the cranium is becoming 
longer and broader in proportion to its height in the fetal period. 

The facial portion of the head grows more relatively in height and 
breadth and (presumably) in antero-posterior diameter than does 
the cranial portion in the fetal period. 

The face becomes relatively a little broader in the fetal period, 
as indicated by the relationship of the soma e es bi-malar diameter to 
the nasion-menton diameter. 

The growth of the face in the antero-posterior axis (in as far as 
it 1s indicated by measurement of the orbito-auricular distance), 
is somewhat greater relatively than the growth in the cranio-caudal 
axis (face height). 

The computed indices for the relation of face breadth to antero- 
posterior facial diameter (as represented by the orbito-auricular 
distance) vary slightly with the type of fitting employed in com- 
putation. The relation, as determined by graphic methods, seems to 
remain quite constant for the fetal period, while the ratios determined 
by the methods of averages and by least squares indicate that the 
breadth of the face increases somewhat less, relatively, than its antero- 
posterior diameter. 

The various dimensions of the head and neck increase between 
fivefold and about sevenfold between the third fetal month and birth. 


3. The Trunk 


The growth of the trunk, exclusive of the pelvis, was studied by 
means of measurements of 22 external dimensions, 5 of which were 
circumferential and 17 were linear. Of the 17 linear dimensions, 6 lay 
in the median plane of the body on its anterior surface and in the 
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cranio-caudal axis, 7 were in the transverse axis, and 4 were in the 
antero-posterior axis. 

When plotted against the total or crown-heel body-length, 17 of 
these dimensions appeared in a rectilinear relationship, 4 could be 
fairly represented by straight lines phased near the middle of the 
progression, and 1 was represented by a straight line for the first part 
of the progresssion and a shallow curve for the latter part. 

Empirical formulae for the 17 dimensions bearing rectilinear 
relationships to the total body-length were developed by graphic 
methods, by the method of averages, and by the method of least 
squares. For the 51 formulae thus developed, 33 of the secondary 
or 6 constants were negative, 10 were positive, and 8 were zero. In 
9 instances the sign of the secondary constant was changed by the 
method of calculation employed, but in most of these instances the 
magnitudes of these constants were small. 

Nine of these simple linear formulae express the relationships of 
dimensions of the thorax that also involve proximal portions of the 
shoulder girdle. These expressions (with one exception, the formula 
for the bi-acromial diameter as determined by graphic methods) all 
have negative 6 constants, which is characteristic for the relationships 
of the dimensions of the extremities to body-length. 

Twenty-one of the simple linear formulae are for dimensions of 
the thorax only. In 7 of these the 6 constant is zero, in 8 it is positive, 
and in 6 it is negative. 

Eighteen of the rectilinear formulae are for dimensions of the 
abdominal region (dimensions at the level of the tenth rib are in- 
cluded in this category). Two of these formulae have small positive 
6b constants (circumference at the tenth rib as determined by the 
method of averages and by the method of least squares), and the 
remaining 16 were characterized by negative constants. 

In general, the findings recorded above indicate that the formulae 
for dimensions under consideration are usually characterized by posi- 
tive or zero b constants in the upper part of the trunk proper, while 
the formulae for the abdominal dimensions and for those dimensions 
involving parts of the shoulder girdle have negative 6b constants. 
The former decrease and the latter increase in relative size during 
the fetal period. 

The 5 dimensions that did not appear as single straight lines, when 
plotted against the total body-length, were all cranio-caudal measure- 
ments in the median line of the ventral or anterior surface of the 
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body. As they were point-to-point measurements, they involved 
growth changes in the antero-posterior as well as the cranio-caudal 
planes of the body. Evidence from our own material, as well as certain 
observations made by other investigators, leads us to believe that 
these dimensions are greatly affected by posture; and we are of the 
opinion that the bi-phased character of their relation to the total 
body-length is due to artifacts. 

The various external dimensions of the trunk increase between 
sevenfold and ninefold in the fetal period (three fetal months to 
birth). 

The trunk becomes more slender, relative to body-length, in the 
latter part of the fetal period. 

The thoracic indices at the level of the nipples, the level of the 
xiphi-sternal junction, and the level of the tenth rib have been com- 
puted from the formulae for the transverse and antero-posterior 
diameters of the chest as determined by graphic methods, and the 
methods of averages and least squares. The values obtained show 
very little change in this index in the fetal period. 

The length of the thorax (as indicated by the distance from the 
sternal notch to the xiphi-sternal junction) is increasing relatively 
more rapidly in the fetal period than either the breadth or depth 
of the chest. 

Indices computed by dividing the calculated transverse and the 
antero-posterior diameters of the chest by the corresponding cal- 
culated diameters at the level of the tenth rib show that the lower 
part of the thorax grows relatively, as well as absolutely, more rapidly 
than the upper portion. 

In the fetal period the girth of the abdomen (at the level of the 
umbilicus) increases more rapidly (both relatively and absolutely) 
than the girth of the thorax (at the level of the nipples). 


4. The Pelvis 


The growth of the pelvis has been studied by means of measure- 
ments of 6 external dimensions. Of these 4 were measurements in 
the transverse plane, 1 a measurement in the antero-posterior plane, 
and 1 in the vertical plane of the body. 

All of the external dimensions of the pelvic region appear to be 
straight lines when plotted against the total or crown-heel body- 
length. 
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Empirical formulae for these straight lines were developed by 
graphic methods, the method of averages, and the method of least 
squares. Of the 18 formulae thus developed (3 for each of the 6 dimen- 
sions), 17 are characterized by negative secondary or 6 constants. 
The one.exception is the formula for the bi-tuberous distance, as 
developed by graphic methods, which has a zero b constant. With 
the preceding exception, the relations of the various external pelvic 
dimensions to the total body-length may be represented by the 
general formula: 

PD=aley 
where PD is any external pelvic dimension, L is the total body-length, 
ais a positive constant less than unity, and b is.a second negative 
constant. 

As indicated by the above formulae, the external dimensions of 
the pelvis undergo an increase in relative as well as absolute size 
in the fetal period. 

Indices developed from empirical formulae show that the breadth 
of the pelvic girdle (as represented by the intercristal or by the inter- 
trochanteric diameter) increases more rapidly, relative to body- 
length, in the fetal period than does the breadth of the shoulder girdle. 

The various external dimensions of the pelvis increase between 
sevenfold and tenfold in the fetal period. The greatest relative in- 
crease is made by the pelvic height and the least by the bi-tuberous 
distance. 

Indices computed from empirical formulae show that the pelvis 
is growing relatively more rapidly in height than in breadth in the 
fetal period. 

The antero-posterior diameter of the pelvis seems to increase more 
slowly than the transverse diameters of the pelvis in the fetal period. 

Indices computed from empirical formulae show that in the fetal 
period the intertrochanteric diameter makes the greatest relative, 
as well as absolute, increase of the three major transverse diameters 
of the pelvis. The relative growths of the intercristal and the inter- 
spinous diameters are much the same in this period, although the 
latter is a little greater. 


5. The Upper Extremity 


The growth of the upper extremity has been studied by the system- 
atic measurement of 8 external dimensions of which 5 were linear and 
3 were circumferential. 
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All of these dimensions appear as straight lines when plotted against 
the total or crown-heel body-length. 

Empirical formulae for these relationships have been developed by 
graphic methods, the method of averages, and the method of least 
squares. Of the 24 formulae thus developed (3 for each of the 8 
dimensions), 22 are characterized by negative secondary or 6 con- 
stants. Two, the expressions for the length of the arm (from acromion 
to elbow) as determined by the method of averages and by the method 
of least squares, have very small positive secondary or b constants. 
With the preceding exceptions, the relationships of the various ex- 
ternal dimensions of the upper extremity may be expressed by the 
general formula: 

DUE=aL-+d, | 


where DUE is the external dimension, ZL is the total body-length, 
a is a positive constant less than unity, and 6 is a second and negative 
constant. : 

The presence of negative secondary constants in the great majority 
of these formulae indicates that the external dimensions of the upper 
extremity are increasing in relative as well as in absolute size in the 
fetal period. 

The length of the upper extremity as a whole approximates one- 
third of the total body-length at three fetal months and about two- 
fifths at birth. The length of the upper extremity is between one-half 
and two-fifths of the sitting-height at the beginning of the fetal period 
and about three-fifths at birth. 

Between three fetal months and birth the length of the upper 
extremity increases about eightfold, the arm length about ninefold, 
the forearm length between sevenfold and eightfold, the hand length 
about eightfold, and the middle-finger length about tenfold. In the 
same period the arm circumference increases about fifteenfold, the 
forearm circumference about fourteenfold, and the wrist cireum- 
ference about thirteenfold. 

The computed brachial index (forearm length divided by arm 
length and multiplied by 100) undergoes a constant reduction in the 
fetal period. 

The computed indices show a constant increase in hand length 
with respect to forearm length in the fetal period. 

The computed indices show a constant increase in middle-finger 
length with respect to hand length in the fetal period. 
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When the girths of the arm and forearm are compared, by the 
computed arm-proportion index, it is found that the latter is making 
the more rapid relative growth in the fetal period. 


6. The Lower Extremity 


The growth of the lower extremity was studied by measurements 
of 8 external dimensions, 6 of which were linear and 2 were circum- 
ferential. 

All of the external dimensions of the lower extremity approximated 
straight lines when plotted against the total or crown-heel body- 
length. 

Empirical formulae for expressing the relations between the total 
body-length and the various external dimensions of the lower ex- 
tremity were developed by graphic methods, the method of averages, 
and the method of least squares. All of these (24) formulae proved 
to be of the general type: 


DLE=aL-+4, 


where DLE is the external dimension of the lower extremity, L is 
the total or crown-heel body-length, a is a positive constant less than 
unity, and b is a second and negative constant. 

The skelic index (ratio of lower extremity length to the crown- 
rump length) undergoes a marked increase in the fetal period. 

The first intermembral index (ratio of upper extremity length to 
lower extremity length) undergoes a marked reduction during the 
course of the fetal period. 

The second intermembral index (ratio of combined length of the 
arm and forearm to the combined lengths of the leg and thigh) is 
reduced more in the fetal period than the first intermembral index. 

The upper and lower extremities are of about equal length at 7 cm 
crown-heel length (or late in the third fetal month). Before this 
stage the length of the upper extremity exceeds that of the lower; 
after this stage this relation is reversed. At no time in the fetal period 
proper does the combined length of the arm and forearm equal the 
combined length of the leg and thigh. 

The computed tibio-femoral index shows that the length of the 
leg increases more, relative to body-length, than the length of the 
thigh in the fetal period. 

Computed indices for the ratio of foot length to leg length show 
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that the former measurement is growing relatively more than the 
latter in the fetal period. 

The computed leg-proportion index (circumference of calf divided 
by the circumference of the thigh with the result multiplied by 100) 
undergoes a marked increase in the fetal period, showing that the calf 
girth increases relatively much more than the thigh girth in the fetal 
period. 
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TABLE 165 


Root Mean Square Deviations of the Calculated Values of the Various External 
Dimensions of the Body (as determined from the Formulae 
given in Table 163) frorn the Corresponding Observed Values 
for Five Centimeter Range Averages of Crown-heel Length in the Fetal Period 


Method. of Method of 
ype’ Graphic ro averages least squares 
; averages Deviations) ‘ati Deviations) Sore eviations i 
Dimension piv tal| See evialions} Pea eviations| Poa tations 
Se from from from 
obtaini ng)averages all averages Ail averages all 
the | used in used in used in 
formula | formula eee formula aver formula | *VerCS2 
(mm) ee (mm) (mm) (mm.) (mm) 
+ = 
General | 
Sitting-height (crown-rump length) LOMRRAPOIO OT OMe Ve Oot telecast c 
Spine length it (OTS 290s) 4 OulsO.Ca Ma ans Deco 
Crown to umbilicus 8 EeOO4| GL-G4Th ZO teA Oar Oa Eee 
Crown to suprasternal notch 10 | 4.98) 4.98 | 0.99] 0.99 | 0.89 | 0.89 
Head and Neck 
Occipito-frontal circumference a HOW 0:92), 12655116195." 31645 166.98 
Occipito-frontal diameter v4 OF DOD Ie O96 SAA OO 545 
Suboccipito-bregmatic circumference ie el O, D0 NG 2:09 Ven c ote. 09. | 10.00 
Suboccipito-bregmatic diameter cf BSOZs D509) Ost Onn ZeOOrh O.1On 1 c.0) 
Suboccipito-frontal circumference Ven OGalt LOO W te-O0ut 0.99 MeeiOo sim: OO 
Suboccipito-frontal diameter tere ted te 506 1186100) 19:69: mal OO mio acl 
Occipito-mental circumference 10 4.2T| 4.2T | 4.160 | 4.10 | 4.16 | 4.16 
Occipito-mental diameter I€ OG] jl) || Oxols) | tev |) Ojo“! | seis 
Large circumference (menton-lambda) to Ale.04|, 2AG.| 10/05") 98: 9255, 11114 
Bi-parietal diameter chi Oy. 9:95 10:00 | (2-2) O.645' 2-45 
Auriculo-vertex-auricular circumference 8 8.05 | 9.03 | 5.46) 4.30) 5.26 | 4.55 
Vertical auriculo-vertex distance 10 BS) || SSIS) |) ZOO) |) re) || ys} | aL.6ye} 
Suboccipito-vertex-nasion circumference} 10 By) S71: |) BG |) By@il |) Seay | Shoe 
Menton-bregma diameter OF | 4:6G 4.0 | 344) 2106292 12.55 
Bi-malar distance (or diameter) 10 Pole O, Oz -O505 @ On Owl Osro 
Bi-auricular diameter I D0) | CxH2D || GE || No |) exo! 1.04 
Auriculo-vertex diameter 10 341 | 5341 | 1.69) 1.69| 1.68} 1:68 
Nasion-menton distance 9 0,033 | OL | Oy76S)|| xe | Oar | Oke 
Vertical head height 9 COIR IATOst Cro ON Le bZ ale oom leon 
Orbito-auricular distance 9 Oye | Cates || Oe); OLb¥e |) @h59 || OLbr 
Orbito-auricular suboccipital diameter | 1O | 0.94 | 0.94] 0.82] 0.82} 0.82 | 0.82 
Circumference of neck T HN NOr|| Ove |) 4g) || CHO |) DSla) || O29) 
Trunk 
Bi-acromial diameter 10 SAO W546: ec.995' 16.99) 2.95. | 695 
Nipple to nipple distance 8 Ay |) BVA | NESS TUES) || TMA 142 
Bi-deltoid circumference TE MO | Nes) Me || eae |) seve | Ae rae) 
Bi-deltoid diameter 8 1eTON ABE 1-62, 4.56;| 1255514. 28 
Circumference at nipples 8 LASS OF1G Wits TA O05 1.5 beItO49 
Transverse diameter at nipples 8 OAs V.Gl ie tl LAO ec a) 35S 
Antero-posterior diameter at nipples 8 1.16 | 1.58 | 0.90 | 2.00) 0.89 | 1.91 
Circumference at xiphi-sternal junction 8 OD N44 C4 1G: A 25 a 8 
Transverse diameter at xiphi-sternal junction) 8 | 0.869 | 1.85 | 0.60) 1.77 | 0.160 | 1.73 


TABLE 165—Concluded 


Root Mean Square Deviations of the Calculated Values of the Various External 
Dimensions of the Body (as determined from the Formulae 

given in Table 163) from the Corresponding Observed Values 

for Five Centimeter Range Averages of Crown-heel Length in the Fetal Period 


Method of Method of 

es averages feast squares 
averagesDeviationspy 4; Deviations, i stions Deviations: ations 

Dimension used in| from from, ro from |" from 

obtaining] averages averages} 44; |averages| ai 

the ae - averages wee 7 averages 
‘opmu pmula 
formula ae (mm.) en) (mm.) 
Trunk (concluded) 
Antero-posterior diam. at xiphi-sternal yunc.| 8 1.04 2.14 #03: |= 2.06 
Circumference at tenth rib 8 8.76 | 160.34 | 8.00 | 1T.83 
Transverse diameter at tenth rib 8 ive |) oil |) alvakey |) Shee 
Antero-posterior diameter at tenth rib 8 18749 EA Ale econ) 
Circumference at umbilicus it Fee) 40) oye, || sheers |e Oz 
Transverse diameter at umbilicus 8 eiGe i) Syl |) ecOne || Bas 
Antero -posterior diameter at umbilicus af WAG) | TfO¥e) || GL WS) || ae ils: 
Sternal notch to pubis 5) TO8) 1125355 | 10.95" | 1O%BZ 
Sterna! notch to umbilicus T 1.63 | 3.95 | 1.59 | 4.14 
Sterna! notch to xiphi-sternal junction | 10 0.88 | 0.88 | 0.80 | 0.66 
Xiphi-sternal junction to pubis 8 0.82 | £.96.) O.TL | SA9 
Xiphi-sternal junction to umbilicus 8 A YENI || Oe | Aebye 
_ Umbilicus to pubis 8 0.80015 159"| O.1Seial io 
Pelvis 
Height of pelvis (crest of ilium torump) | 10 GOES O. CEEOL a lar) nk 
Interspinous diameter 8 Oe || 186.) Oe |) i .ae 
Intercristal diameter 8 0.40 | 1.84} 0.36 | 1.90 
Intertrochanteric diameter 8 LOL CxO del OG Wee 
External conjugate diameter 4 1.14 | 4.00} 1.07 | 4.35 
Bi-tuberous distance 8 (ROO Re 5Oni O19 mee 
Extremities 

Length of upper extremity 10 £5507) “ESOT. 156 
Length of arm (acromion to elbow) 10 ON | Of6.|| ONG | OAS 
Length of forearm 10 OSE | OIC || @sBie || Ossi 
Length of hand 10 0:65: 15065 410.028) O:62 
Length of middle finger 10 : ; O0.4T | OAT | 048 | O48 
Circumference of arm * PLS eS. GO OTe ea ocean iO moe, 
Circumference of forearm OF 10504 Oy lo ea ees 
Circumference of wrist 10 AON TAO 155711255 | ioe ese 
Length of lower* extremity 10 LOO ASTON tat al ed fol ele DO ene) 
Length of thigh (post=sup.iliac spine to knee}} 10 L416) 1.16 ) 1.02 4" 1.0231) 70799) | 70199 
Length of thigh (trochanter to Knee) 10°}, 0.68) 0:66)" O87 | 0.8%) O.6re) O67, 
Length of leg (Knee to lateral malleolus)} 10 O07 | OL6% | O160) | 0.600559.) 0159 
Height of foot 10 slay | Medley @MC || Oz || O86. |- Oe 
Length of foot 10 0.98'| 0.98 | 0:88.) 0.88 | 0.83 | 0:83 
Circumference of thigh IC 191. O02 MESON OA Iie obnmGrol 
Circumference of calf 6 LST VP AAS NW 1529 S.61 | con 409 


TABLE 166 


Comparative Variability of Observations 
on Certain External Dimensions of the Body in the Fetal Period 
(Based upon the parts of the progressions unaffected by artifacts) 


« 


” “ . . 
5, ,Poot mean square| So» ‘DR” deviation 
deviation of ofservations|Poot mean ratio 
about calculated line | Sd¥are Si 


as determined by: deviation! So 


Circumference of thigh 


Circumference of wrist 
Length of foot 
Auriculo-vertex diameter 


Circumference of neck 


Dimension : 

Graphic otis me = oor lie Graphic aes ee 
ees averages of _ | method averages least 

)) (mm.) |Sdvares|regression (mm.) (mm) |°4¥8res 

(mm.) | (mm.) (mm.) 
Occipito-frontal diameter ICONS 1564 TES eIS))| abies alseve, || ilzeyl || Hefeh! 
Bi-deltoid circumference 11459 | 11403 }11.361 | 1.00 | 1.01 | 1.00 
Length of upper extremity ONT) 6.106: 16100 TOC at Ola: Ok 
Length of arm (acromion to elbow) 4.593 | 4.298 | 3.996] 2.37 | 1.15 | 1.08 
Length of lower extremity 1990.) (A051 7500) 1:00. 1.00 11.00 
TA59)|-T.5197'6598) 1.11 | 4.15 11:14 
Transverse diameter at umbilicus DIG) || weaver BOKER! || OO) |) toe, |) WOe 
41T4| 4.158) 4.151 | 1.00 | 1.01 | 1.00 
5.28T | 5.294| 4.88T | 1.09 | 1.08 | 1.08 
DAO NPD AZ5 4 5.009 1 Oli t-O8n iat Te 
9.093 | 9.214) 8955] 1.00 | 1.02 | 1.03 
Antero-posterior diameter at nipples 4.805 | 4.0(6\ 4542 1.01 11,06 41203 


TABLE 167 


Comparative Variability of Observations 
on Certain External Dimensions of the Body in the Fetal Period 
which are MarKedly Affected by Artifacts 


“3;);poot mean. square deviation 
of observations about calculated line 
for portions of progressions 
affected by artifacts 


“s re roof mean squa 
deviation of obser- 
vations about cal- 
culated line, for 


Dimension . : 
portions Of pro-! With obscrvations| With observations 


Fed y antct| gocormected | comacte 
(mm.) (mm.) (mm. 
Bi-deltoid circumference 1141T 29.T 
Circumference of thigh 1,510 14.916 toca 
Transverse diameter at umbilicus 5.079 11.929 10.901 
Circumference of neck 8.9T3 13.096 74 41T 
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PART XIII 


TABLES OF DATA OF OTHER INVESTIGATORS ON THE 
EXTERNAL DIMENSIONS OF THE BODY IN 
THE FETAL PERIOD 


TABLE i168 


Summary of Published Observations on 
the General Body Dimensions 

Large /1gures:average measurement(cm.); small higures, in 
parentheses: average crown heal length(m.)cnd number afcases 


Crown-Rump Length 


Distance from 
Crown to Umbilicus 


rao 
Distance 
from Crown 
to Sternal 
Notch 


es 
Retzius 
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{906 
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1910 
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{89T 
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Lafaille 


1904 1693 
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TABLE 174 


Summary of Published Observations on the Minor Head Dimensions 
Large /igures: average measurement(cm.); smell figures, in 
porentheses : average crown-heel length (m.)and number af cases 


7 , Bi-Auricular |Nasion-Menton 
nate 


Vertical Auriculo- 
Head -Reisht | Vertex 
(Vertical) 


(cm.) Sutugin Ribemont| Retzius| Retzius Friedenthall Retzius Friedenthall Lafaille| Retzius Friedenthel 
1875 | 1879 | 1904 | 1904 | 1914 | 1904 | 1914 | 169 04 | 1914 
50) . 5b) a5 
“i — LE 1.6 nite 0,9 0.8 Ce 1G 
(6.7-6) | (7.1-9) |(7.5-z2) 9 -8)| (7. (7.1 -9)| (75-2) 
(Qe ee tal Oe LA on 1.3 iE IG D.On lees 
| |(11.5-4) (11.3-5) | (13.4-1)| (11.2-6) (11.2-6) | (13.4-1) 

e was th ee lee 3.6 _. are? 
15-20 (17.5-6)| (17.2-9) 

20-25 oF [Sa eI ah a 0.5 (ee) 495 i | 40 
|(@2.2-6) (22.2-6)| (21.9-1) (22.2-6)} (22.0 -1) 

Ee 7a ol DG fas. Boa? 
(5-50 (27.0 -T)| (27.0-T) 

z eS ey) ah) 
50% (502-1) (20.2-1) 
35-40 ©4550 Doi O50 | 0D 6.7 

(35.5-2)|(35.5-2)| (30.0-2)|(35.5 -2) (50.6-2) 
40-45 ae = ae 

aD len Oe 6: 
45-0 ls 16) (672-105) (47.0-1) 70-1) 

> 6.1 iO Ss 1p 0. ren 
50-55 (52.0-41)| (51.1-82) (50.1-1) (50.1-1) 
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TABLE 178 
Summary of Published Observations on the Segments of the Upper Extremity 


Large figures: overage measurement (cm.); small figures, in parentheses: average crownheel length e number of cases 
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TABLE 179 
Summary of Published Observations on the Segments of the Lower Extremity 


Large higures: average measurement (em);small kgures, in parentheses: average crawn-heel length & number of cases 
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TABLE 180 
Summary of Reicher’s Observations 
on Various External Dimensions of the Body 
in the Fetal Period 


ternal 
notch 


Length | Length 
of of 
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extremity extremity 
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35 - 40 =| ola ents) 
BO) “ee Salk ool aS) aig 3) 


PARE OC 
GENERAL GRAPHS AND FIGURES 


A series of general graphs illustrating the relative growth of various 
typical dimensions of the body in the fetal period. 
A series of histograms illustrating the changes in size and external 
form of the body in the fetal period. 


FIGURE 67 
THe ComMparaTIVE GrowTH oF CERTAIN OF THE EXTERNAL DIMENSIONS 
OF THE Bopy 1n RELATION TO THE CRown-HEEL Bopy- 
LENGTH IN THE Frerau PERriop 


Suboccipito-frontal diameter 
Crown-rump length 
——- Crown-heel length and 
Circumference at nipples 
—— Length of lower extremity 
——— Length of foot 


5 10 5 20 c5 30 35 40 45 50cm. 


All of these dimensions are reduced to a common scale by computing their 
values at each 5 cm interval of body-length as per cents of their respective values 
at 50 cm crown-heel length. The computations were made with the empirical 
formula for each of the several dimensions. Abscissa: Crown-heel length (cm). 
Ordinates: Per cents of values at 50 cm crown-heel length. 
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FIGURE 68 


THE COMPARATIVE GROWTH IN THE FETAL PERIOD OF THE VARIOUS 
DIMENSIONS SHOWN IN FIGURE 67 


100 
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90 


TO 
60 


50 


/f/ 
a0) / Suboccipito- frontal diamete. 
/ Crown-rump len 


-—-— Crown -heel length and 

10 Circumference at nipples 
——- Length of lower extremity 
——— Length of foot 


2) 4 2) 6 T fo) 2 10 mo. 


In this figure the values are plotted against age in fetal or lunar months (as 
determined by the empirical formula of Scammon and Calkins for the compu- 
tation of age from the crown-heel length). 
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FIGURE 69 
THe Maximum anv Minimum Montuty PERCENTAGE INCREMENTS Mapr 


BY THE SEVERAL DIMENSIONS OF VARIOUS REGIONS OF THE Bopy 


IN THE Successive Monrtus or THE FETAL PERIOD 
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FIGURE 72 


CHANGES IN THE EXTERNAL BODY-FORM OF THE FETUS 
FROM 95 TO 5O CM. CROWN-HEEL LENGTH 
All drawings brought to the same body-length 


The drawings were made by the method described in connection with figure 70. 
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FIGURE 73 


CHANGES IN THE EXTERNAL BODY-FORM OF THE FETUS 
FROM 3 TO 10 LUNAR MONTHS 
All drawings brought to the same body-length 


The drawings were made by the method described in connection with figure 70. 
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PARA XV 
FIELD GRAPHS 


In the following graphs the various external dimensions of the body 
are, in each instance, plotted against the total or crown-heel body- 
length. Individual cases are represented by dots. Solid dots represent 
males, circled dots females, and crossed dots specimens of unknown 
sex. The lines of central tendency are drawn according to the em- 
pirical formulae with constants established by the graphic methods 
described in the text. The graphs are plotted without correction for 
the effect of artifacts on individual measurements, and the scatters 
of the symbols for these measurements therefore include all arti- 
factual errors. The curves of central tendency, on the other hand, 
have been corrected for artifactual effects. Therefore, the fits for 
measurements between bony points appear more precise than those 
for dimensions involving soft parts. In estimating the goodness of 
fit, particularly of the upper segments of these progressions, reference 
should be made to the general tabular presentation of corrections for 
artifacts (tables 5 to 8, inclusive) and to the statements on artifacts 
in the summaries of findings on individual dimensions. 

The graphs are arranged in the approximate order of discussion 
in the text. 
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19 CH (mm)-2.0mm. 


(2OTcases) 
; 
: 
erase 
= ° 2 
S98 oe 
9, oc 
. 
FS G 
° ef £ 
By SOK 
z ° 
of” 
* 
A00 450 


500 


TRANSVERSE DIAMETER AT Umsicicus 
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FicLD GraPH 49 ae aces all 
STERNAL Notch To Pusis edt 
5 To 30cm.CH: 0.4 CH(mm.)- CYC H(mm) + 2m tre 
50 To 55em.CH: 0.26CH(mm.) + 1.5mm ae eS a 
(£32 cases) ae | 


fiELD ORAPH 44 
STERNAL NotcH To Umsivicus SG 28 
5 to 25cm.CH: .C2CH(mm.) +1.5ém. 0 ae eS 

05 to 55cm.CH: .27CH(m™,) -1|.0mm. CG" OA 
(224 cases) og* 


FiceLp GrarH 45 he 
Srernat Norch To XIPHIFOTERNAL JUNCTION : 4 Saee 
(Sternat Lenctn) ero 
LLCH (4m) - 1.5mm Be Cr 24 
(@33cAsES) ; ee ed) 
pea ears 
- 3 e 7° 
te 
s Sod as ri Che 
50 JOO J5O £00 £50 300 550 A0O A50 500 550mm 


Fiecp GraPu 46 

IZO}- XIPHI-STERNAL JUNCTION TO PUBIS 
Sto L5cmM.CH: .IOCH(am)+ 1.5m 
250 55m.CH: .26CH(mm) -16.0mm 
lOO (226 cases) 


FieLp GraPH 47 é 
XIPHI-STERNAL JuncTION To UmBILICUS 50 ae 
510 C5.cmCH: 125 CH(mm.)+1.75 mm. oie eer 
25T055em.CH: 16 CH(™m.)-12.0mM™M ee ge ee 
(C23 cASES) : a ee se 
00} a ere ies 
. os, a es 
: ONO 1 7 
40K ep oa et te A 
0 - | 
FieLD GrarH 46 es 
60 Umpiticus To Pupis a 
5 To C5cm.CH: .OT2 CH(m™)- 0.5mm. Si 6,5 om 
AO ~ £510 55cm.CH: .09 CH (mm.)-5.0mm. a °° ’ 


(223 cases) 


Fice-p GrarPH49 

Heicut of Peuvis (Crest or ILium To Rump) 
155CH (wm) -4.0mm. 

(PAD cases) 


O 50 {00 150 COO £50 300 350 400 450 ° 500 550mm. 


FieLp GraPH 50 
Interspinous Diameter or Poms 
4A45CH (mm) - 2.5mm. 

(245 cases) 


FieLp GraPH 51 
IntercristaL Diameter or Pecvis 
1025 C H(um)-2.5mm. 

(246 cases) 


FieLp GrarH 52 
JNTERTROCHANTERIC DIAMETER oF PELVIS 
TT5SC H (um)- 3.5mm. 

(244 cases) 


FieLp GraPH 53 


EXTERNAL ConyucaTe Diameter or Pevvis 
-115. CH (mm)-LOmm. 
(237 cases) 


FicLp GraPH 54 
BrTuserous Distance or Pets 
0.4 CH (um)+0.0mm 
(231 cases) 


FieLp Grary 55 
LenotH or Upper Extremity 
ACH (mm)-4.0mm. 

(314 cases) 


Fito GraPy 56 ey 


LenorH or Lower Extremity . 
-435 CH (um)-7Omm. . 
220 (315 cases) oe 
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FieLp GraPH 57 
LenctH or Arm (AcRomion To E-Bow) 
155CH (um)-0.5mm. 
(307cases) 


FieLD GRAPH 58 
LenetH or FoRcARM 
13.CH.(mm) - 1.5m. 
(305 cases) 


FieLpD GrarPH 59 
LENGTH or Hanp 
12 CH.) - 3.0mm. 
(304 cases) 


FieLp GraPH GO 
LenectH or Mippie FincerR 
O75 CH(um)-3.0mm. 
(292 cases) 
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FieLD GRAPH 6! 
CIRCUMFERENCE or ARM 
195 CH(um)-8.0mn. 
(294 cases) 


FicLp GRAPH OZ A 
1ZO}— 
CIRCUMFERENCE or foReARM 3 
195 CH (mm) - 7.5m. “3° 
90 69, 25 
L00}— (£90 casts) As 
OO 6 88 
80;— ° . Y of e 
= 
Oe . 
Bole FictLp GRAPH 63 Pasas 
CIRCUMFERENCE or Waist eo ae O 
6 CH (mm) - 8.5m. ; Bi fe 
60 (275 cases) i de ee 
ae <a) 
AO}- seh apa 
2 GEM,” 0 


£00 £50 500 550 A00 450 500 550mm 


FieLp Grapx 64 
LENGTH oF THIGH 
(PosTERIOR-SUPERIOR SPINE OF ILrur To Knee) 
.L5CH (um)-7.0m™. 
(299 cases) 


FieLp Grarx 65 
LeNGTH or Lec 
(LareraAL Epiconpyte To Lateral MaLLeotus) 
.£CH (um.)-4.5™m. 
(299 cases) 


FieLp GRAPH 66 
LencTH oF THIGH 
(TRocHANTER To Knee) 
OCH (MM)- 2.0m. 
(3Ol cases) 


FirLp GRAPH OT 


Heiout or foot (LarerRAt Matteotus to Sore) 
.OACH (mm) -1.5mm. 
(298 cases) 


366 


80 FieLp Grarn 68 


Lenetu or foor 
16 C.H.(mm)- 6.5m. 
60 (299 cases) 


A0 


20 


TieLp GrarH 69 
CincumrerReNce or Car 
100 LECH. (mm)- 10.5. 
(289 cases) 
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Fiecp Grarr (O 


CIRCUMFERENCE OF THIGH 
100 1 CH (m)- 13.0 mm. 
(294 cases) 
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